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|J| FOREWORD 


In the fall of 1970, I attended a workshop of the American Chi¬ 
ropractic Board of Radiology. I was a new diplomate, having 
completed my residency program and receiving diplomate sta¬ 
tus in that same year. Although not a precise contemporary in 
our professional, educational studies, Dr. Cox and I neverthe¬ 
less both became diplomates in radiology in 1970, and it was at 
that first workshop that I listened to Dr. Cox present some of 
his ideas on the acute low back syndrome. Twenty-eight years 
later, it is my pleasure to write this Foreword and to realize 
what a great distance has been traveled in that time period. 

Today, Dr. Cox, along with others here at National Col¬ 
lege of Chiropractic, have had the privilege of working in col¬ 
laboration with members of the Stritch School of Medicine at 
Loyola University, in a federally funded research project to 
study the biomechanics of the lumbar spine in particular as 
they relate to the clinical procedure known as “flexion distrac¬ 
tion.” During the past 28 years, Dr. James Cox has dedicated 
uncounted hours, months, and years to the research, develop¬ 
ment, refinement, and application of flexion distraction tech¬ 
nique to those patients who suffer the ubiquitous, but elusive 
malady known as low back pain. His success in these efforts is 
unparalleled. 

It is a clear tribute to the vision, purpose, and tenacity of 
Dr. James Cox that the 6th edition of his book titled Low Back 
Pain is now in print. 

The condition known as low back pain has been studied by 
thousands of experts, covering uncounted articles, journals, 
and books. This vast literature has chronicled the develop¬ 
ment of diagnosis and treatment of low back syndromes 
throughout the last century. Despite all this, the causes of low 
back pain have sometimes eluded the grasp of even the best 
scientists. 

In light of this history, I think it is particularly important 
that Dr. Cox has brought to us, once again, and in a clearly 
enhanced form, not only the thoughts, experiences, and ex¬ 
periments of many scientists who have studied the phenome¬ 
non known as low back pain, but also the more pragmatic art- 
based approach to the treatment of people who suffer from 
this condition, which we refer to in a general way as low back 
pain, despite its many causes. One cannot help but be im¬ 
pressed by the breadth of coverage of the topic, from the bio¬ 
mechanics of the low back through anatomic to neurologic el¬ 
ements. The importance of clinical laboratory diagnosis is 
carefully defined and the developments of the latest research 
are presented in a cogent and coherent process, which makes 
this book not only interesting to read, but particularly useful 
for the clinician. 

Finally, the approach to the treatment of these patients, es¬ 
pecially by those who choose to practice the conservative 
treatment of low back pain through chiropractic healing, is 


provided in a clear and concise manner, leaving a clearly open- 
ended opportunity for the development of new knowledge. 

On a personal note, it has been my privilege to know Dr. 
James Cox since the mid 1960s and it is with great admiration 
and affection that I extend my sincere thanks and deepest ap¬ 
preciation for this lifelong dedication to the art and science of 
chiropractic healing. 

James F. Winterstein, D.C. 

President 

National College of Chiropractic 

Lombard, Illinois 

A few years back, a lovely, young woman came to my office 
via a referral from Dr. Cox. At the time, I was gathering ma¬ 
terial for upcoming presentations I was to make, one of which 
was with Dr. Cox. This patient displayed some very interest¬ 
ing clinical findings, and I thought her case would make for in¬ 
teresting discussion during my lecture. She seemed approach¬ 
able, so I asked her if I could take some slide pictures of her 
radiographs and other imaging and videotape some of her clin¬ 
ical examination findings. She started laughing at me, saying I 
was too late: Dr. Cox had already done all that. I couldn’t help 
it; I laughed with her. At the next meeting I presented with 
Dr. Cox, he was using her as the model for his examination 
demonstration! My handiwork was demonstrated, too. At the 
end of the meeting, I found her showing off my “bikini” inci¬ 
sion in the back of the room, so we both benefitted from the 
good work we did for this patient! 

And so goes my longstanding relationship with Dr. Cox. 
We have educated each other about our respective fields and 
have worked side-by-side on many cases to the benefit of our 
patients. One of the first patients referred to me on my arrival 
in Fort Wayne was from Dr. Cox. The patient came to my of¬ 
fice with a most concise letter of introduction: accurate his¬ 
tory, specific time of pain onset, thorough medical history, de¬ 
tailed clinical examination findings, astute results of imaging, 
and an educated, well-founded diagnosis. I was impressed that 
this chiropractic physician knew when to refer the patient to a 
medical specialist, was confident in his diagnosis, and had the 
desire to do what was best for his patient. Patient satisfaction 
is high with these types of referrals as they raise confidence in 
both practitioners. This case and its letter of introduction 
helped to establish a good rapport between Dr. Cox and me 
that has lasted close to 25 years. 

My undergraduate as well as medical and surgical training 
at Indiana University and residency programs at Georgetown 
Medical School and in the U.S. Navy during the Vietnam 
War prepared me well for medical practice and neuro¬ 
surgery. I started practice knowing the scientific basis of 
medicine, down to the molecules and atoms, but soon found 


vi Foreword 


out that not all beneficial care can be explained away by sci¬ 
entific methods. In developing my practice, which now in¬ 
cludes six neurosurgeons (one of whom is my eldest son, Jeff) 
and eight neurologists, all top-notch physicians, I have tried 
to steer them beyond the strictly scientific to acknowledge 
the good that comes from the care beyond traditional scien¬ 
tific explanation. During my training in medicine and neuro¬ 
surgery, there was very little talk of alternative care for back 
pain, or chiropractic care for that matter. Since then, I have 
watched alternative care, particularly chiropractic, slowly 
come into the mainstream of medicine. Most of medicine is 
more realistic and accepting of alternative therapies, espe¬ 
cially in the realm of back pain management. Most back pain 
can and should be treated conservatively. I have seen many 
cases of good chiropractic care result. 

Although medicine has slowly come to accept chiropractic, it 
has been a bit too slow in sharing its resources. I am most proud 
of the fact that I have been able to open doors to Dr. Cox in our 
local medical community. Dr. Cox has responsibly demonstrated 
that he knows when to refer patients for further medical and 
imaging testing, and I found no reason why he should have to be 
second guessed when sending a patient for tests. I ensure that he 
had cooperative, easy access to radiographic and imaging facilities 
as needed. Further, as is his reputation, Dr. Cox reads medical 
literature voraciously, but occasionally has trouble gaining access 
to it locally. After hearing about his, I made sure that the doors of 
local hospital libraries were open to him. I always get a thrill when 
I drive into the parking lot at the hospital on Wednesday after¬ 
noons and see Dr. Cox’s car with the “L5S1” license plate framed 
with the slogan “discover chiropractic.” No one knows back lit¬ 
erature and research better than Dr. Cox, and I am proud to be 
able to ensure access, access that allows him to stay on top of the 
research literature and to share it via his writings and lectures 
around the world. 

I have watched parts of Dr. Cox’s lectures before and after 
my presentations at his courses and read his books. His presen¬ 
tation of material is the best in back pain management training. 
Dr. Cox disseminates more knowledge about back pain me¬ 
chanics and diagnosis in his seminars than in other medical and 
neurosurgical CME training courses I have attended. He takes 
the highly scientific material he reads weekly and converts it 
into practical application. 

Dr. Cox uses that same practical presentation style 
demonstrated in lecturing in his writing of this textbook. He 
provides all the scientific research findings accurately, de¬ 
scriptively, and practically so that a practitioner—chiroprac¬ 
tic, medical, or otherwise—can easily relate to the new ma¬ 
terial. In describing the diagnosis of disc and back problems, 
Dr. Cox is most vivid, using illustrative x-ray studies and de¬ 
tailed case presentations to exhibit the diagnosis protocol. 
The algorithms of decision-making are in the simplest yet 
most detailed of formats. The physician following the Cox 
protocol outlined in the algorithms can confidently handle the 
patient’s case without the fear of over-treating or mistakenly 
handling a case alone that may need co-management with an¬ 


other physician. Distraction treatment protocols are pre¬ 
cisely portrayed in writing and in pictures to help both the 
practitioner perform the distraction technique and the patient 
understand how the technique will help manage his or her 
back pain condition, for, as Dr. Cox states, back pain is rarely 
cured but it can be controlled when all parties involved in the 
case work together. 

After years of collaboration and my seeing the positive re¬ 
sults of chiropractic management, I sent my younger son, 
Kenny, to Dr. Cox’s office when he began considering a pro¬ 
fession, to observe the quality of care that Dr. Cox offers his 
patients. I now proudly support my son in his choice to become 
a chiropractor and look forward to working with him and en¬ 
couraging him to practice chiropractic in the way that Dr. Cox 
does, using the gentle, nonforcc, distraction protocols for the 
relief of his patients’ pain. 

In every profession, be it medical, legal, entrepreneurial, or 
chiropractic, I have found those who strive to move it forward 
and keep it on the cutting edge. Dr. Cox is one of those peo¬ 
ple, and he shares his knowledge, protocols, and cases within 
this text as an example of successful, conservative, chiroprac¬ 
tic patient care. 

Rudy Kachmann, M.D. 
Neurosurgeon 
Fort Wayne, Indiana 

Low Back Pain, the most common reason for seeking help from 
a health care provider in the dusk of the twentieth century, is a 
topic worthy of the persistent penchant of a Dr. James Cox. 

As a resident in radiology and a gross anatomy laboratory as¬ 
sistant at National College of Chiropractic in the early 1970s, I 
had the privilege to assist Dr. Cox in dissecting and pho¬ 
tographing the structures of the low back in preparation for his 
early lectures. He never tired of the thirst for more knowledge, 
a clearer understanding, and a better picture. Tenacity led to 
quality, and quality has asserted itself into the work of Dr. Cox 
in the low back. 

But what about this “universal joint” of the body, as Dr. 
Joseph Janse would often make reference? What happened to 
this joint when in the antediluvian periods of the Earth’s his¬ 
tory, man decided to stand up and be different, or was man 
this way from the beginning? An answer we must await, but in 
the meantime, Dr. Cox has taken to a meticulous study of this 
incredible feature of upright bipedism. In no other text will 
you find such complete and complex coverage of the most dif¬ 
ficult and challenging clinical and biomechanical marvel of the 
human body. 

The reader will relish the treasures confined within the 
binding of this text. The teacher will have need for no other 
text in helping students master this subject. The student will be 
enriched beyond measure for every moment spent digesting 
morsel after morsel of wisdom and intellect. The clinician, 
ever challenged by this clinical syndrome, will return numer¬ 
ous times to this feast of practical information from which com¬ 
petence and confidence for patient care can be garnered. 
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To neglect this text is to cover the candle with a basket. 
Dr. Cox has placed his candle on the hilltop so we may all see. 
To see we must open our eyes and read what he has prepared 
for us. The feast is before us but it is our duty and opportu¬ 
nity to eat. I encourage all to become partakers at the table of 
low back pain instruction and reap the benefits provided by a 
master teacher, an experienced clinician, an empathic suf¬ 
ferer, and a sympathetic listener. From each of these per¬ 
spectives, the low back and its associated pain syndromes are 


laid bare to their most fundamental elements for each of us 
to learn from and apply our understanding to benefit our 
patients. 

Thanks Dr. Cox. 

Reed B. Phillips, D.C., Ph.D. 

President 

Los Angeles College of Chiropractic 
Los Angeles, California 
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PREFACE 


The sixth edition of Low Back Pain: Mechanism, Diagnosis , and 
Treatment contains 8 years of updated research in the care of 
low hack pain. Astounding changes have occurred in that pe¬ 
riod, such as evidence that ergonomic programs, after decades 
of research, show no clear evidence that they can prevent hack 
pain; little evidence exists that physical therapy provides long¬ 
term benefits for chronic musculoskeletal pain sufferers; 
epidural steroid injections are of questionable value; and plate 
and screw spinal fusions are controversial. Magnetic resonance 
imaging is considered wasteful as a routine procedure. The 
cost of low back care in the United States continues to rise in 
both human suffering and dollars. 

In this same period, chiropractic has had a positive response 
in the literature, and research studies regarding its benefits and 
clinical outcomes have been largely positive. Chapter 1 covers 
the history and future of chiropractic as I view it and includes 
a brief history of the evolution of my work with distraction ad¬ 
justing of the spine, which is methodically explained. 

Research has finally advanced in chiropractic with the 
awarding of two studies by the Health Resources and Services 
Administration of the Department of Health and Human Ser¬ 
vices to study the biomechanics and clinical benefits of distrac¬ 
tion adjustments of the lumbar spine. The first grant was 
awarded in 1994, entitled “Biomechanics of the Low Back 
Flexion-Distraction Therapy” and the second was awarded in 
1997, entitled “Flexion Distraction vs Medical Care of Low 
Back Pain.” Both studies are joint grants to National College of 
Chiropractic and Loyola Stritch School of Medicine. Ram Gu- 
davalli, Ph.D., of National College, is the principal investiga¬ 
tor of both studies, and in Chapter 8 he describes the research 
that has been completed in these studies at the time of publica¬ 
tion of this textbook. Dr. Gudavalli’s chapter is a historic and 
valuable addition to this textbook and to chiropractic history. 

In Chapters 2 and 3, I update research literature in the bio¬ 
mechanics and neurophysiology of low back pain and neural 
compressive and chemical irritation. Chapter 4 covers the most 
recent material on the diagnosis, clinical features, and treat¬ 
ment of spinal stenosis. Chapter 6 addresses the transitional 
segment, Chapter 1 3 covers facet syndrome, and Chapter 14 
on spondylolisthesis represents the latest literature on these 
conditions that I have collected during the previous 8 years. 

Chapter 1 1, written by David Wickes, D.C., of National 
College, furnishes the practitioner a very ready outline of diag¬ 
nostic tests to be ordered for pathologies causing low back pain. 
This chapter is very thorough but clinician friendly and usable. 
It will be appreciated when laboratory testing is needed and 
clear steps laid out for the doctor to follow. 

Chapter 12 specifically covers the clinical and home 


treatment of the patient with low back and sciatic pain. 
Chapter 9 is a new and very detailed protocol of the princi¬ 
ples, biomechanics, anatomic changes, and application of 
distraction adjustments of the lumbar spine for all its diag¬ 
noses. It is an anchor of knowledge of this textbook because 
it represents the clinical application of distraction adjust¬ 
ments for the doctor of chiropractic. It will be a constant 
source of therapeutic advice on manipulation and adjust¬ 
ment of the low back pain patient. These two chapters rep¬ 
resent my clinical approach to the diagnosis and treatment 
of low back and sciatic pain. 

Chapter 10 covers diagnosis of the low back pain patient, 
and in this chapter I detail the history, examination, clinical 
decision-making and therapeutic algorithms, and literature 
support for the performance and interpretation of standard 
low back tests in chiropractic today. It focuses on excellence 
of diagnostic testing leading to a flow chart instruction to ar¬ 
rive at the diagnosis of the patient’s condition. 

Chapter 16, written by James M. Cox, II, D.C., clearly il¬ 
lustrates the importance of the mental state in treating low 
back pain as the psychological side of low back pain is dis¬ 
cussed. The depression of chronic low back pain, patient cop¬ 
ing strategies, detection, and treatment by the physician are 
shown for practitioner clinical use. 

Chapter 7 is the subject of fibromyalgia, written by Lee J. 
Hazen, D.C. This excellent chapter leads the practitioner in 
an understanding of the neuroendocrine and psychological ba¬ 
sis for this somewhat controversial diagnosis and even more 
controversial therapeutic condition. 

Chapter 1 5 is a great addition to this textbook because of 
the rehabilitation interest for the low back pain patient. Scott 
Chapman, D.C., gives maximal effort to furnish the general 
practitioner the tools to use for the practical application of re¬ 
habilitation in the clinic. This chapter is a very strong addition 
to this sixth edition and is a vital part of today’s managed care 
treatment of back pain. 

Sil Mior, D.C., accepted the challenge of bringing the lit¬ 
erature to the chiropractic practitioner on the sacroiliac joint. 
Along with the brilliant anatomy of Chae Song Ro, M.D., 
Ph.D., Dr. Mior furnishes this vital subject in the general prac¬ 
tice of chiropractic to the practitioner—the sacroiliac joint 
anatomy, biomechanics, and adjusting procedures. 

This book is intended to be a clinical instrument for use by 
the chiropractic physician in daily practice. It is practical, 
everyday knowledge that can be used to stimulate excellent 
patient care and the best of clinical outcomes. Lastly, it is my 
hope that it serves as a stimulus to other chiropractic doctors 
to excel and produce a better seventh edition. 

James M. Cox, D.C., D.A.C.B.R. 
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Chiropractic and Distraction 
Adjustments Today 

James M. Cox, DC, DACBR 


Chiropractic practice is an expression oj lije 

commitment to society. No greater treatise could he written than to he 
remembered, in some small way, as an architect of chiropractic in 
your time. 

—James M. Cox, DC 
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HISTORY OF THE DEVELOPMENT OF COX 
DISTRACTION MANIPULATION 

Why the Creation of Cox Distraction? 

Simply, one of my first patients: a young, 24-year-old woman 
came into my and my stepfather’s office in severe pain, leaning 
to her right at the thoracolumbar spine, complaining of pain ra¬ 
diating down her right leg along the fifth lumbar dermatome. 
This was 1964: the disc did not have a nerve supply according 
to the literature of the day, and I was not aware of sciatic scol¬ 
iosis defining a lateral, medial, or subrhizal disc lesion nor did 
I understand the ramifications of ischemic hypoxia and axo¬ 
plasmic flow of a nerve. Stenotic f actors of the vertebral and os- 
seoligamentous canals were not well known to me nor to med¬ 
icine at large. 

I took an x-ray, and her fourth lumbar vertebra was in right 
lateral flexion subluxation, which called for a corrective ad¬ 
justment: the traditional side posture positioning where I 
placed my pisiform contact on her fourth lumbar lamina and 
made the usual thrust with her thigh in the usual leveraged 
flexed posture—incidently, an adjustment I used on patients 
with good clinical result previously. This time, instead of cav¬ 
itation of facet joints, my adjustment was met with muscle 
spasm, my contact hand bounced off her spine, she yelled in 
pain, I started to sweat, and her family carried her out of my 
of fice and to the hospital for surgery for a ruptured fourth lum¬ 
bar disc the next day. I was devastated. The adjustment did not 
work as I was taught it should. Could I have missed something 
in school? 

In school, I was an intense (some might even say my ap¬ 
proach to learning was a bit crazy) student. I studied hard; 
everything about chiropractic and the human anatomy fasci¬ 


nated me. In 1963, I graduated valedictorian which, as evi¬ 
denced by the above scenario, meant nothing. Einstein once 
said and was right: The knowledge acquiring period begins upon 
graduation. 

My stepfather, John C. Rodman, DO, DC, took me into his 
practice in Fort Wayne, Indiana, and fostered my knowledge 
acquisition. After the above case, he said: “Son, you may well 
be in the way of learning.” I absolutely agreed. 

He introduced me to osteopathic textbooks written by Tay¬ 
lor, Stoddard, Naylor, and other authors. These authors dis¬ 
cussed the techniques of an osteopathic physician, John McMa- 
nis, DO, who developed techniques of treating spinal problems 
under traction. As I started to study these techniques, I recalled 
the teachings of my chief of staff at the National College of Chi¬ 
ropractic, Floyd Blackmore, DO. When a difficult, painf ul low 
back case came into the clinic, Dr. Blackmore would lead us in¬ 
terns to the basement and say: “Come with me, and we will 
treat this patient differently.” 

In the basement was a McManis osteopathic manipulation 
table on which he would treat the patient until the acute phase 
of pain was over when he would turn the patient back over to 
the intern for care. Seldom, if ever, did he have the intern use 
the McManis table. Strangely enough, it never really struck me 
as important until after my encounter with the above patient, 
nor did I realize the seriousness of back pain. 

Finally, back pain got my attention, and the oddity of my 
training, the McManis treatment, came into my repertoire of 
patient care. I sought out a McManis table—which was an all¬ 
purpose table equipped for ear, nose, and throat examina¬ 
tions; for surgery; and for gynecologic examinations—for my 
own use. An osteopath’s widow in Michigan who had once 
told me I could have the table if I did not charge her a hauling 
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fee to get it out! It was a monster of a table and very heavy. I 
brought it back to Fort Wayne and began using it. The trou¬ 
ble was convincing patients that it was not a torture device! It 
was covered in horsehair and my rigging it up with pillows and 
thoracic spine straps to hold the patient’s torso while lumbar 
traction was administered did not look inviting. I persevered 
though and continued to study and perfect a technique using 
the table. Eventually, more and more patients requested this 
type of adjustment. 

Something Still Missing 

The chiropractic adjustment procedures I learned in school 
were as important as ever to me. I used them regularly, but 
they were difficult to do on the McManis table (the gynecologic 
stirrups, among other things, got in the way). 

Further, despite positive patient results and satisfaction, I 
used this manipulation only on difficult, stubborn, or very 
painful back conditions as had been demonstrated by Dr. Black- 
more. With time and increased experience, I asked: “If this 
technique helps these difficult cases, why could it not also help 
the average low back conditions seen in our practice?” 

That question fostered the evolution of what 1 termed in 
the early 1970s, “Flexion Distraction Manipulation,” which 
changed my life. I never dreamed that I would follow the 
course that my professional life has taken as a result of patient 
satisfaction and, later, colleague inquiry. Local colleagues be¬ 
gan to hear what I was doing and requested that I treat them and 
teach them how to do the same for their patients. 

The old McManis table was cumbersome to use and difficult 
to find. However, I met with Jim Barnes, a man who owned a 
machine shop in Fort Wayne. I presented my basic ideas to him, 
and together we produced a new instrument that blended os¬ 
teopathic manipulation concepts with chiropractic adjusting 
concepts: the Chiro-Manis (a term representing chiropractic 
and McManis) table. With this, too, I gained a new title— 
“entrepreneur.” Together, Barnes and I made and marketed 
the Chiro-Manis table from 197 3 until 1984 when Williams 
Manufacturing Company (now Williams Healthcare Systems), 
manufacturers of Zenith tables, took over the engineering and 
construction of what is now called the Zenith-Cox table. 

As an extension of my new entrepreneurial role, I offered 
courses to local colleagues on how to perform this new tech¬ 
nique. I have always stressed that distraction manipulation is 
not intended to replace any of the valid, successf ul techniques 
of historic chiropractic, but rather it is an additional therapy in 
the armamentarium of the chiropractic physician in his or her 
daily practice. I uphold distraction manipulation in the same 
light today. 

Personal Experience with Disc Herniation 
and Sciatica 

During the 1970s and early 1980s, I passionately studied back 
pain, its mechanism and its biomechanical causes. I shared my 
positive patient case results with all who would listen. Al 


though I publicized the fact that chiropractic had so much to of¬ 
fer back pain sufferers, I lived many of the days for those 10 
years i n severe low back pain myself . 

Some days I believed my lower back hurt worse than the 
backs of my patients. Some days it was agonizing and nearly im¬ 
possible to bend over to treat my patients. I ref used to let pain 
stop me. The only thing that kept me going was a colleague’s 
treating me with flexion distraction. 

In April 1981, my education in low back and sciatic pain was 
magnified beyond my desires and expectations. My passion in 
studying back pain and sciatica spilled over into my “recre¬ 
ational” activities. I love farm life; I had a gentleman’s farm with 
my family, although I had little free time for either. I had hired 
some men to put up a fence for my cows. While “helping” them 
unload fencing and removing an end post from the ground, a 
sudden sharp pain shot through my low back. The following 
morning, while bending over to wash my foot, I felt a sudden 
tearing in my low back that sent pain down my right leg, 
through the calf, along the bottom of the foot to the little toe. 

I no longer felt any pain in my back, but had the most unbear¬ 
able pain in the leg, which lingered. I could not believe it. I 
had spent so much of my life—weekends away from home, 
weekdays treating patients, and weeknights studying—teach¬ 
ing about the diagnosis and treatment of low back pain. Now I 
was afflicted with severe pain and totally unable to function 
normally—a living example of a victim of a prolapsed lumbar 
disc. What a frightening, enlightening, and confusing night¬ 
mare. I was about to learn more about low back and leg pain 
than I had ever read or taught. 

For the next 3 weeks, I was treated with distraction manip¬ 
ulation, positive galvanism into the L5—SI right posterolateral 
disc space, acupressure massage of the low back and right lower 
extremity, rest, alternating hot and cold packs to the low back 
and leg, and, in the third week, side posture adjustment. My 
wife spent many a day and night taking me to the clinic for ther¬ 
apy. Barely able to walk, I still went to my of fice to treat pa¬ 
tients. Nothing improved, but I still refused to be stopped by 
pain. I continued seeing patients at the office, barely able to 
walk or stand myself . I even gave a lecture in Chicago where I 
had to be propped up on the podium in order to speak. 

The leg pain worsened, although low back pain did not re¬ 
cur. In the fourth week, however, I experienced numbness of 
the perineum, anal sphincter weakness, and urinary bladder 
difficulty—cauda equina syndrome. I had not wakened from 
nightmare, but was pushed further into it. I thought and still 
believe that God was saying: “You think you know something? 
Take this and learn from it.” 

The cauda equina symptoms got my attention. I called Rudy 
Kachmann, MD, a friend and neurosurgical colleague. We con¬ 
sulted and decided surgery was required now: My straight leg 
raise was positive at 10 degrees. My calf muscle had atrophied, 
and I could not walk on my right toes. The right Achilles reflex 
was totally absent. I had not slept in a month. 

In 1981, myelography was still the gold standard of diagno¬ 
sis. One month after the onset of pain, I had a myelogram per¬ 
formed, and it revealed a huge L5 SI fragment. Dr. Kachmann 
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performed a microdisccctomy procedure on me. That night, I 
walked without pain. Starting urination was a bit difficult, but 
it became normal. 

That was a great learning experience: one that made me a 
better doctor. I empathize with my patients and feel their pain 
and frustration in dealing with such a problem. My situation fell 
into the 5% of cases that develop neuropraxia and which de¬ 
mand surgical relief. 

Since 1981, I have lived by my own rules. In my “middle- 
age” (50s), I am in better physical shape than I was at half my 
age. I do my own exercise program, practice ergonomics, treat 
patients from alternating sides of the table, treat smarter and 
not harder, and get treated with distraction manipulation reg¬ 
ularly. This regimen allows me the flexibility and strength to 
maintain my practice, research, and lecture schedule. My 
L4-L5 disc showed a slight protrusion in 1981, which makes it 
the next vulnerable disc to prolapse if I do not maintain con¬ 
servative care and good health. Pain and suffering taught me to 
take care of myself . I no longer have a farm nor do I lift heavy 
fence posts. I let others do their jobs. I do, however, devote my 
professional energy to the study of low hack pain and strive to 
help my colleagues and their patients care for this disabling con¬ 
dition. 

Maturation of Distraction Manipulation 
for Chiropractic 

In 1 990, I turned over my work to the National College of Chi¬ 
ropractic, and a certification course for the chiropractic pro¬ 
fession in the use of distraction manipulation was horn. This is 
a 36-hour postgraduate course of study with a written and prac¬ 
tical examination that elevates a Doctor of Chiropractic to the 
status of a Certified Distraction Practitioner with a listing in the 
referral directory of chiropractors who have achieved this sta¬ 
tus. The success of this certification course is beyond my ex¬ 
pectations. The wave of field doctors and new graduates enter¬ 
ing into the program is gratifying. A referral network of 
distraction doctors is growing annually, which benefits both 
doctors and patients. In addition, the distraction manipulation 
technique course is also core or elective curriculum or taught 
in technique classes at most chiropractic colleges. This offers 
the student an introduction to distraction manipulation so that 
he or she can decide whether to use it in clinical practice. 

Since 1973, I have lectured on distraction manipulation 
principles and practice throughout the United States, Europe, 
and Japan. Other certified instructors are teaching my work 
throughout the United States as well. Certainly, the 15 other 
copies of my manipulation instrument being marketed are a 
testimonial to the success of the procedure. 

It was a combination of my ill-treatment result of the young 
woman with an L4-L5 disc herniation and the teachings of Drs. 
Rodman and Blackmore that opened my mind to the possibil¬ 
ity of a different approach to treating low back and sciatic 
pain—namely manipulation under traction, a technique that 
has become known as “Cox Distraction Manipulation.” Fur¬ 
ther, my personal fight with a sequestered L5—SI disc has di¬ 


rected my understanding and approach to caring for patients 
and teaching of this technique. 

Evolution of Cervical Spine 
Distraction Manipulation 

Personal experience and/or involvement in painf ul problems 
bring change and improvement. My low back pain perfected 
my doctoring; my wife’s cervical spine pain brought about the 
latest chapter in distraction manipulation: the cervical spine 
distraction headpiece. This unit allows the same principles of 
distraction adjustments that have been so successfully used in 
the lumbar spine to he adapted to the cervical spine. 

My wife, Judi, developed right arm C6 dermatome radicu¬ 
lopathy in 1984. She told me, in not debatable terms, to de¬ 
velop a technique to treat cervical spine disc problems like I had 
done in the lumbar spine. After much procrastination, and 
some disturbed home life, 1 set about creating the cervical spine 
distraction technique and headpiece with the engineering de¬ 
partment of Williams Healthcare Systems. Williams collected 
3 38 patient cases from five clinical trials for the U.S. Food and 
Drug Administration (FDA) registration. As a result of reliev¬ 
ing Judi’s arm pain and the success of the clinical trials, this in¬ 
strument has been available for prof essional use in clinical prac¬ 
tice by the chiropractic prof ession since 1992. 

In the final analysis, this technique developed from need 
a need for a technique that complements traditional chiroprac¬ 
tic adjustment procedures for those patients who will respond 
best to adjustments under traction. 

THE SIXTH EDITION OF THIS TEXTBOOK 

Why a sixth edition of this textbook? Primarily, the volumes of lit¬ 
erature emerging daily in the mechanism, diagnosis, and treat¬ 
ment of low back pain make a new edition mandatory. Chiro¬ 
practic physicians must be informed of these developments. 
Also, they must see the bridge between knowledge and its ap¬ 
plication, a task that is humbling to me as an author, but one 
which I enjoy with an almost bizarre feeling of excitement. 

What Does the Literature Say About 
Distraction Manipulation? 

The first recorded case of low back pain attributed to an occu¬ 
pation dated at about 2780 be, when Imhotep, an Egyptian 
physician treating construction workers at the pyramid in 
Saqqara, described spinal strain (1), and today medicine strug¬ 
gles to improve on the definition and care of this condition. 

Interest and clinical benefit are seen in manipulating the hu¬ 
man spine under distraction. Two thirds of Eos Angeles Col¬ 
lege of Chiropractic graduates (2) and 5 3% of practicing chiro¬ 
practic physicians in the United States use the Cox Distraction 
technique (3). The Cox Distraction technique is the only one 
of its kind that has been described in a reviewed text and a num¬ 
ber of well-respected, peer-reviewed journals; also, “of those 
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professing to use distractive procedures, only Cox has per¬ 
formed any statistical analysis on clinical effects for various con¬ 
ditions” (4). A 576-case study of low hack and sciatica patients 
treated with distraction procedures showed 76% had good to 
excellent relief and 10% fair to poor results. The remaining 
14% stopped care or were surgically treated (4). 

Logan College students reported on the academic and clinic 
use of the Cox Distraction manipulation procedures and 100% 
of them reported feeling the course was more interesting, pro¬ 
fessional, understandable, rational, and the instructors more 
capable than those for any other course they had taken. Eighty- 
five percent of the students said they would incorporate the 
technique into their practices, and 1 5% said they would use it 
as the only technique in their practice (5). 

Palmer College of Chiropractic West reported a prospec¬ 
tive study randomly assigning 67 patients with chronic low 
back pain of at least 6 months duration to one of four therapy 
groups: (a) distraction manipulation, ( b) inverted gravity trac¬ 
tion, (c) detuned transcutaneous electrical stimulation (TENS), 
or (J) a waiting list. Objective and subjective study showed that 
distraction manipulation and inversion traction were superior 
to placebo and a waiting list control group. Chiropractors 
trained in both these techniques effectively treat patients with 
low back pain (6). 

The success of the distraction manipulation technique in 
treating an L 5 SI herniated disc in a 28-year-old Soviet dancer, 
after rotation adjustment proved impossible due to muscle 
splinting, is reported from the Los Angeles College of Chiro¬ 
practic (7). Cleveland College of Chiropractic, Los Angeles, 
reported a case of a 24-year-old man with an unstable lumbar 
spine, hypoplastic lumbosacral facets, lumbar spina bifida oc¬ 
culta, a transitional vertebra, and a lumbosacral disc protru¬ 
sion, which was asymptomatic 6 weeks after injury. The au¬ 
thors of this paper felt this may be the first published report of 
distraction manipulation in treating the unstable segment (8). 

The fact that peers in my profession were positively influ¬ 
enced by the distraction manipulation as described in this and 
earlier editions of this textbook encouraged me to take on the 
project of writing another edition. Of course, the insistence and 
encouragement of Williams & Wilkins also was an influence. 

FACTS ON PATIENTS 
SEEING CHIROPRACTORS 

Ninety four percent of manipulative therapy performed in the 
United States is perf ormed by chiropractic doctors. For the past 
50 years spinal manipulation has been equated with the practice 
of chiropractic and, in part because of this, the use of spinal ma¬ 
nipulation has been labeled an unorthodox treatment by the 
medical prof ession. Spinal manipulation has been cited to be of 
short-term benefit in some patients, particularly those with un¬ 
complicated, acute low back pain, whereas data are insufficient 
to comment on its ef ficacy on chronic low back pain (9). 

About 5% of the population see chiropractors annually at a 
rate of approximately $2.4 billion (10, 11). About 45,000 chi¬ 
ropractors practice in the United States. Thirty-two to forty- 


five percent of chiropractic care is for low back pain with the 
average number of visits being 5 to 1 8 per episode (10—15). 

Chiropractic care is most frequently used by persons who 
are white, middle-aged, and employed (10—12). High school 
graduate level persons use chiropractic care more often than 
other academic levels; great differences arc seen by geographic 
area in the utilization of chiropractic services (11). 

One third of patients who seek care for back pain choose a 
chiropractor. Chiropractors were the primary care provider 
for 40% of back pain episodes, and they were retained as the 
primary provider by a greater percentage of their patients 
(92%) who had a second episode of back pain care than were 
medical doctors (16). 


Rising Use and Acceptance of Chiropractic 
in the United States 

Of persons seeking care for low back pain in North Carolina, 
59% received care f rom a physician, 34% from a Doctor of Chi¬ 
ropractic (DC), and 7% from other professionals (nurses, phys¬ 
ical therapists) as the first provider for an episode of acute pain. 
An additional 5% sought care from a DC after first seeking care 
from an MD. Adults who were employed, insured, younger 
than 60 years of age, and more wealthy favored chiropractors. 
Satisfaction with care was higher in patients who saw DCs; 96% 
of individuals who saw a DC described the treatment as “help¬ 
ful,” compared with 84% of those seeing MDs (P = 0.03) (17). 
Younger age, male gender, and non-job-related pain correlate 
with the decision to seek care from a chiropractor (18). 


Unconventional Therapy in the 
United States 


The frequency of use of unconventional therapy in the United 
States is far higher than previously reported (19). Unconven¬ 
tional therapies are defined as medical interventions not taught 
widely at U.S. medical schools or generally available at U.S. 
hospitals. Examples are acupuncture, chiropractic, and mas¬ 
sage therapy. 

Use of unconventional therapy is significantly more com¬ 
mon among people 2 5 to 49 years of age; is significantly less 
common among blacks; is more common among people with 
some college education than among those with no college edu¬ 
cation; significantly more common among people with annual 
incomes greater than $ 3 5,000; and significantly more common 
among those living in the western part of the United States. 

Frequency of use of unconventional therapy is highest for 
back problems, anxiety, headaches, chronic pain, and cancer or 
tumors. Almost 9 of 10 respondents who saw a provider of un¬ 
conventional therapy in 1990 did so without the recommenda¬ 
tion of their medical doctor; 72% of those who used uncon¬ 
ventional therapy did not inform their medical doctor of it. 

Most respondents (5 5%) paid the entire cost of their un¬ 
conventional therapy visits out of pocket. Third-party payment 
was most common for the services of herbal therapists (83%), 
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providers of biofeedback (40%), chiropractors (39%), and 
providers of megavitamins (30%). In 1990, the total projected 
out-of-pocket expenditure for unconventional therapy plus 
supplements was $10.3 billion. 

An estimated one of three persons in the U.S. adult popula¬ 
tion used unconventional therapy in 1990. The estimated num¬ 
ber of visits made in 1990 to providers of unconventional ther¬ 
apy was greater than the number of visits to all primary care 
medical doctors nationwide, and the amount spent out of 
pocket on unconventional therapy was comparable to the 
amount spent out of pocket by Americans for all hospitaliza¬ 
tions. Roughly one of four Americans who see their medical 
doctors for a serious health problem may be using unconven¬ 
tional therapy (19). 

Eighty-nine Israeli family physicians reported that 54% 
thought complementary medicine (chiropractic, naturopathy, 
hypnosis, homeopathy, and eastern medicine) was helpful and 
42% had referred patients for it, with most feeling it should be 
incorporated into medical practice (20). 

Potential Users (81 Million) of Chiropractic Services in 
the United States 

The American Chiropractic Association data show: 

1. Of over 3.5 million (3,560,000) privately insured individu¬ 
als aged less than 65 years, the chiropractic profession de¬ 
livered 75% of all services that included therapeutic manip¬ 
ulation. 

2. Of Americans aged 1 8 years and older 29% (55 million peo¬ 
ple) have used chiropractic services. 

3. Of all adults aged more than 18 years 10% (18.5 million 
people) have used chiropractic services in the last year, and 
19% (more than 35 million people), within the last 5 years. 

4. Chiropractic services were sought by 65% for such self- 
reported low-back disorders as muscle spasms, sciatica, 
pinched nerves, and ruptured discs. 

5. Nonusers were asked if they would see a Doctor of Chiro¬ 
practic for a condition they treat, and 62% responded fa¬ 
vorably. This percentage of potential users projects to more 
than 81 million adults nationally (21). 

Eighty percent of patients are satisfied with chiro¬ 
practic care; 90% felt their treatment to be effective; and 
80% felt the cost was reasonable (21). 

Patients Are Satisfied with Chiropractic Care 

Patients were most satisfied with the accessibility of their doc¬ 
tors and least satisfied with the financial aspects of treatment, 
especially those who reported lower incomes and no insurance 
coverage. A slightly higher degree of dissatisfaction was re¬ 
ported by a small percentage (12%) of patients who also re¬ 
ported cither no improvement or minimal improvement in 
their health problem following chiropractic care. 

Patients expressed high levels of satisf action with their doc¬ 
tors and the care they received. Although women were slightly 
more satisfied than men, other patient characteristics (e.g., 


level of education, income, employment status, or previous 
chiropractic care) did not influence response means (22). 

Survey of Chiropractic Practitioners' Education, 

Practice Procedures, and Patient Perception of Care (3) 

A Gallup poll reported that 90% of patients seeing chiropractors 
felt chiropractic treatment was effective, more than 80% were 
satisfied with their treatment, nearly 75% felt most of their ex¬ 
pectations had been met during their visits, 68% would sec a 
chiropractor again for treatment of a similar condition, and 50% 
would likely see a chiropractor again for other conditions. Sixty- 
two percent of nonusers stated that they would see a Doctor of 
Chiropractic for a problem applicable to chiropractic treatment, 
2 5% reported that someone in their household had been treated 
by a chiropractor, and nearly 80% of those had been satisfied 
with the chiropractic treatment received. 

Chiropractic Practitioner/Respondent Demographic 
Summary (3) 

Results of the National Board of Chiropractic Examiners Sur¬ 
vey indicated that only four techniques were used by most 
practitioners: Diversified, Gonstcad, Cox, and Activator. All 
other techniques were used by 43% or fewer respondents. Re¬ 
sults also indicated that the responding practitioners used an av¬ 
erage of 5.7 specific techniques in their practices (Table 1.1). 

PHYSICAL THERAPY'S VIEW OF 
CHIROPRACTIC AND SPINAL 
MANIPULATION 

Manual Therapy: Manipulation Versus 
Mobilization (23) 

Mcnnell stated: “Beyond all doubt the use of the human hand, as 
a method of reducing human suffering, is the oldest remedy 
known to man; historically no date can be given for its adoption.” 

The American Physical Therapy Association has the follow¬ 
ing position on manipulation: “Manipulative techniques by li¬ 
censed physical therapists in evaluation and treatment of indi¬ 
viduals with musculoskeletal dysfunction has |sic| always been 
an integral component within the scope of practice . . . 

1. Manipulation in all forms is within the scope of practice of a 
licensed physical therapist. 

2. The force, amplitude, direction, duration, and frequency of 
manipulation treatment movements is a discretionary deci¬ 
sion made by the physical therapist on the basis of education 
and clinical experience and on the patient’s profile. 

3. Manipulation implies a variety of manual techniques which 
is not exclusive to any specific profession” (23). 

Physical therapists define mobilization as the act of impart¬ 
ing movement, actively or passively, to a joint or soft tissue. 
Therapists may want to avoid the term “manipulation” because 
of its strong association with the chiropractic profession. Ma- 
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Table 1.1 


Chiropractic Practitioner Demographic Summary (3) 


Gender 

Male 86.7% Female 1 3.3% 


Ethnic Origin 


White (not Hispanic) 

95.5% 

Native American 

0.2% 

Hispanic 

1.6% 

Filipino 

0.2% 

Other 

1.2% 

Alaskan Native 

0.0% 

Asian 

0.8% 

Pacific Islander 

0.0% 

Black (not Hispanic) 

0.5% 



Highest Level of Nonchiropractic Education 


Baccalaureate degree 

46.5% 

Other 

6.0% 

Associate degree 

24.1% 

Master’s degree 

5.1% 

I ligh school diploma 

16.2% 

Doctoral degree 

2.1% 


Specialty Board Certification 

None/does not apply 74.6% 

American Board of Orthopaedics 9.9% 

Other 9.5% 

AC 13 of Sports Physicians 4.2% 

AC 13 of Radiology 1.9% 

AC 13 of Neurology 1 .3% 

ICA College of Thermography 1.0% 

Chiropractic Rehabilitation Association 0.7% 

ACB of Nutrition 0.6% 

AC13 of Internists 0.5% 

ICA College on Chiropractic Imaging 0.4% 

ICA Council on Applied Chiropractic Sciences 0.3% 


Institution Granting Degree 


Palmer 

27.7% 

Western States 

3.2% 

National 

11.6% 

Sherman 

2.9% 

Life 

9.0% 

Other 

2.8% 

Logan 

8.0% 

Palmer West 

2.2% 

New York 

7.4% 

Lif e West 

1.3% 

Los Angeles 

6.6% 

Pennsylvania 

0.8% 

Northwestern 

4.5% 

Parker 

0.7% 

Clcveland-KC 

3.9% 

Southern California 

0.3% 

Cleveland-LA 

3.5% 

Canadian Member 

0.1% 

Texas 

3.5% 

Foreign/overseas 

0.0% 

Patient Dem 

ographics Reported in Survey 


Gender 




Male 40.7% 

Female 59.3% 



Age 




< 17 years 

9.7% 

51 to 64 

21.2% 

18 to 30 

19.1% 

> 65 yrs 

13.3% 

31 to 50 

36.7% 



Ethnic Origin 



White 

65.0% 

Native American 

3.0% 

f lispanic 

10.3% 

Filipino 

2.4% 

Other 

0.9% 

Alaskan Native 

0.3% 

Asian 

5.6% 

Pacific Islander 

1.4% 

Black 

11.3% 




Occupation 

Tradesman/skilled labor 19.1% 

White collar/secretarial 16.5% 

Homemaker 13.8% 

Unskilled labor 12.0% 

Executive/professional 11.9% 

Retired or other 1 1.7% 

Student 7.6% 

Professional/amateur athlete 7.4% 


Chiropractic Treatment Procedures 


Primary Approach 

Full spine 93. 3% 

Upper cervical 1.7% 

Other 5.0% 

Adjustive Techniques 

Diversified 91.1% 

Gonstead 54.8% 

Cox flexion distraction 52.7% 

Activator 51.2% 

Thompson 43.0% 

SOT 41.3% 

NIMMO/tonus receptor 40.3% 

Applied kinesiology 37.2% 

Logan Basic 30.6% 

Cranial 27.2% 

Palmer upper cervical/HIO 26.0% 

Meric 2 3.4% 

Pierce-St ill wagon 19.7% 

Other 15% 

Petti bon 6.3% 

Barge 4.1% 

Grostic 3.4% 

Toftness 3.3% 

Life upper cervical 2% 

NUCCA 1.5% 


Nonadjustive Techniques 

Corrective/therapeutic exercises 

Ice pack/cryotherapy 

Bracing 

Nutritional counseling, etc. 

Bedrest 

Orthotics/lifts 

Hot pack/moist heat 

Traction 

Electrical stimulation 
Massage therapy 
Ultrasound 

Acupressure/meridian therapy 
Casting/taping, strapping 
Vibratory therapy 


95.8% 

92.6% 

90.8% 

83.5% 

82.0% 

79.2% 

78.5% 

73.2% 

73.2% 

73.0% 

68 . 8 % 

65.5% 

48.2% 

42.0% 


continued 
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Table 1.1 


1 Chiropractic Practitioner Demographic 

Summary (3) 


Homeopathic remedies 

36.9% 

Acupuncture 

11.8% 

Interf erential current 

36.7% 

Other 

9.6% 

Direct current, etc. 

26.9% 

Biofccdback 

7.1% 

Diathermy 

26.7% 

Paraffin bath 

6.9% 

Infrared 

19.0% 

Ultraviolet therapy 

3.3% 

W hirlpool / hydrotherapy 

12.7% 



Reprinted with permission from Haminishi C, Tanaka S. Dorsal root ganglia in the lumbosacral region observed from the axial view of MR1. Spine 
1993; I 8( 1 3): 175 3-1756. 

AC13, American Chiropractic Board; ICA, International Chiropractor’s Association; HIO, Hole In One; SOT, Sacro-occipital technique; NIICCA, National 
Upper Cervical Chiropractic Association. 


nipulation, in a general sense, means any manual procedure in 
which the hands or fingers arc used to move a vertebral motion 
segment (i.c., two adjacent vertebrae and their interconnect¬ 
ing tissues), soft tissue structure, or a peripheral joint (23). 

Two types of spinal manipulation have been labeled in chi¬ 
ropractic: nonspecific long-lever manipulation and specific, 
high-velocity spinal adjustments (24). 

Physical Therapy's Effects on Connective 
Tissue (25) 

One of the aims of manual therapy is to permanently elongate 
soft tissues that arc restraining joint mobility through the ap¬ 
plication of specific external forces. Dense, regular connective 
tissue is a histologic category of connective tissue that includes 
ligaments, tendons, fasciae, and aponeuroses. It is important to 
note that a low level of connective tissue damage must occur to 
produce permanent elongation. The collagen breakage will be 
followed by a classic cycle of tissue inflammation, repair, and 
remodeling that should be therapeutically managed to maintain 
the desired tissue elongation. 

The end result of both inflammation and immobilization is 
remodeled connective tissue with lower tensile stiff ness and a 
lower ultimate strength than normal tissue. This weakening is 
caused by the more randomized collagen bundles easily sliding 
past one another (cross-linking and loss of water), and possibly 
by the substitution of collagen types that are less strong than the 
original collagen. 

Manual therapy is often used to produce a desirable amount 
of plastic def ormation of connective tissue (microfailure of lig¬ 
aments, fasciae, and so on) and to produce movement of one 
joint surface with respect to another (25). 

Ideal Ratio of Chiropractors to Population 

In Saskatchewan, 366,848 people could be treated by chiro¬ 
practors if enough chiropractors were available. Saskatchewan 
needs 391 chiropractors to effectively serve the musculoskele¬ 
tal problems of the general population. The ideal chiroprac- 
toripopulation ratio is 1:2588. Health care policymakers should 
design incentives to channel the appropriate patients into chiro¬ 
practic of fices (26). 


MEDICAL PHYSICIANS 1 INTERACTION WITH 
CHIROPRACTIC PHYSICIANS 

Medical Doctors Utilize Manipulation in 
General Practice 

A medical doctor who performed manipulation for the 1 8 years 
he has been in practice reports that manipulation is a safe and 
effective treatment for spinal pain (27). 

Medical Practitioners Reluctant to Refer 
Patients to Chiropractors 

Back pain is the second leading reason patients give for visiting 
physicians, and it is the third most common reason for visiting 
a f amily physician. Family physicians care for 38.6% of the pa¬ 
tients with acute and chronic back pain, compared with 36.9% 
seen by orthopedists, 16.9% by osteopaths, and 7.6% by in¬ 
ternists (28). 

Many physicians, probably a majority, arc still reluctant to 
make specific referrals to osteopaths or chiropractors. A recent 
study reported that less than 1% of patients were referred to 
chiropractors by other providers (28). 

Physical Therapy Instead of Spinal 
Manipulation Is Ordered 

A national random sample of 2897 physicians showed that of 
nine listed treatments, only physical therapy, strict bed rest for 
more than 3 days, and trigger point injections were perceived 
by a majority of physicians to be effective for patients with acute 
low back pain. Less than 3% of physicians would have ordered 
spinal manipulation for any of the hypothetic patients (29). 

Osteopaths Treat Somatic Dysfunction with 
Manipulative Therapy 

An osteopathic task force furnished guidelines for the use and 
documentation of osteopathic manipulative therapy (OMT) as 
a therapeutic intervention for patients with diagnoses of pri¬ 
mary or secondary somatic dysf unction (30). 



8 Low Back Pain 


Many injuries, illnesses, and disease systems are associated 
with specific areas of musculoskeletal dysfunction, according to 
the report. Pulmonary system diseases (e.g., pneumonia and 
bronchitis) often have associated somatic findings at spinal seg¬ 
ments T1 through T5. The osteopaths have associated the dis¬ 
ease with an ICD-9 code (Table 1.2) (30). 

The total patient must be examined so that somatic dys¬ 
function can he identified and treated in all regions of the 
body as the patient’s condition requires and tolerates (31). 
Osteopaths believe that somatic dysf unction in a single seg¬ 
ment or multiple segmental regions may be the chief somatic 
manifestation of the patient’s visceral disease. For example, 
a patient may have lower gastrointestinal illness associated 
with viscerosomatic reflex responses at spinal segments T1 0 
and T12. If the physician restricted treatment to those two 
thoracic spinal segments, improvement probably would he 
limited. If the physician found somatic dysfunction of the first 
rib in addition to that of the lower thoracic region, and cor¬ 
rectly treated it, the results generally would he more effec¬ 
tive (31). 


Physicians Encouraged to Refer Patients 
to Chiropractors 

Family physicians who choose to refer their hack pain patients 
to a chiropractor for spinal manipulation do not need to em¬ 
brace the chiropractic belief system, which differs markedly 
from that of the family physician. Rather, they need only accept 
that spinal manipulation is one of the few conservative treat¬ 
ments for low hack pain that have been found to he ef fective in 
randomized trials. The risks of complications from lumbar ma¬ 
nipulation are also very low (32). 


Physicians Not Fully Informed of Best 
Methods to Treat Back Pain 

When 2897 physicians from nine different specialties were 
asked about treatments they would offer hypothetic patients 
with acute low hack pain, sciatica, or chronic low hack pain, 
the most popular treatments were systemic drugs, bed rest, ex¬ 
ercise, and physical therapy. Two thirds of the physicians be¬ 
lieved TENS, corsets, trigger point injections, and steroid in¬ 
jections to be ef fective treatments for chronic back pain. 

Most of the treatments recommended by these doctors are 
not scientifically validated. They did not indicate an increasing 
acceptance of manipulation, although roughly 40% of the 
physicians who responded to the survey believe manipulation 
is an ef fective treatment for acute or chronic back pain (33). 

Medical Doctors Lack Extensive 
Nutrition Training 

Medical schools do not teach nutrition. It is not a required 
course at most of the medical schools in the United States. It 
has been reported that less than 40% of the medical schools in 
the United States even offer minimal hours of nutrition train¬ 
ing. More than 75% of medical schools do not even require stu¬ 
dents to take a single nutrition course (34). 

COST OF CHIROPRACTIC SERVICES 

Chiropractic is Rapidly Growing and 
Lowering Cost (35) 

Chiropractic represents the most rapidly growing segment of 
the professional health services market. Chiropractic payments 


Table 1.2 


Guidelines for Diagnostic Related Groups (DRG)/Osteopathic Manipulative 
Treatment (30) 


DRG 

No. 

Disease 

ICD-9 

243 

Appendicitis 

739.2 

243 

Bronchitis, 

739.1 


acute and chronic 

739.2 

243 

Congestive heart 

739.1 


fai 1 ure 

739.2 

243 

Coronary artery 

739.1 


disease 

739.2 

243 

Cystocelc 

739.4 

739.5 

243 

Flypertension 

739.2 

247 

Otitis media, all types 

739.0 

243 

739.1 


Probable Primary 

Location of Reference 

Somatic Dysfunction Page No. 


Thoracic region 

192 

Cervical region 

13-51 

Thoracic region 

192 

Cervical region 

55, 56, 66, 71 

Thoracic region 

72, 85, 185 

Cervical region 

5 3-76 

Thoracic region 


Sacral region 

123-127 

Pelvic region 


Thoracic region 

61-64 

Head 

10, 15 


Cervical region 


DRG, diagnosis related group; ICD, International Classification of Diseases—clinical modification. 



Chapter 1 Chiropractic and Distraction Adjustments Today 9 


represent only 1.8% of total insurance payments with pay¬ 
ments per chiropractic patient averaging $411 across all plan 
types (35). 

Chiropractic treatment was compared with medical and os¬ 
teopathic treatment for 395,641 patients with 1 ormoreof493 
neuromusculoskclctal ICD-9 codes with patients receiving chi¬ 
ropractic care experiencing significantly lower health care costs 
of approximately $1000 over the 2-year period. The results 
also suggest the need to re-examine insurance practices and 
programs that restrict chiropractic coverage relative to medical 
coverage (35) 

Chiropractors' Costs Low 

A survey of 1 1 health conditions, including arthritis, disc dis¬ 
orders, bursitis, low back pain and spinal-related sprains, 
strains or dislocations, conducted in Virginia showed patients 
make visits to at least one of six different types of medical care 
provider (36). 

Chiropractic is a lower cost option for several prominent 
back-related ailments, according to a survey comparing costs of 
chiropractors versus alternative medical practitioners. This is 
despite its “last resort” status for many patients. One explana¬ 
tion for this is the lower insurance coverage of chiropractic 
care. If chiropractic care is insured to the extent other special¬ 
ists are it may decrease overall treatment costs (36). 

Twenty-two studies examined the efficacy or outcome mea¬ 
sures including the duration of work loss, period of disability, 
pain relief, and patient satisfaction with chiropractic treatment 
for low back pain. Only in one dimension in one study does chi¬ 
ropractic not rank more favorably than medical treatment of 
low back pain. 

The conclusion of this analysis is that chiropractic is man¬ 
dated to be an available health care option because it is widely 
used by the American public, and it has been proven to be cost- 
effective (37). 

Australian Study Shows Chiropractic Care Is 
Cost-Effective 

Workers’ compensation payments for chiropractic versus med¬ 
ical doctor care were compared in an Australian workers’ com¬ 
pensation study. The total utilization rate for chiropractic 
intervention in spinal injuries was 12%. Payments for physio¬ 
therapy and chiropractic treatment totaled more than $25.2 
million and represented 2.4% of total payments for all cases. 
Average chiropractic treatment cost for a sample of 20 ran¬ 
domly selected cases was $299.65; average medical treatment 
cost per case was $647.20. 

Chiropractic treatment seems to be cost-effective in certain 
conditions but not necessarily because chiropractors encounter 
patients with relatively less severe conditions. However, a pos¬ 
sible limitation to this conclusion is that the measurement of 
relative percentage treatment costs does not reflect when the 
intervention was performed or the crossover effects of other 
interventions (38). 


Chiropractic Care Not Always the 
Least Expensive 

Of 8825 visits covering 1 020 low back pain episodes in 686 dif¬ 
ferent patients, chiropractors and general practitioners were 
the primary providers for 40% and 26% of episodes, respec¬ 
tively. Chiropractors had a significantly greater mean number 
of visits per episode (10.4) than did other practitioners. Or¬ 
thopedic physicians and “other” physicians were significantly 
more costly on a per visit basis. Orthopedists had the highest 
mean total cost per episode, and general practitioners the low¬ 
est. Chiropractors had the highest mean provider cost per 
episode ($264) and general practitioners had the lowest ($95). 

The drug costs associated with some chiropractic courses of 
therapy arc surprising because chiropractic is promoted by its 
professional organizations as a “surgery-free, drug-free” healing 
prof ession. Analysis of the claim forms for these drug costs 
show that they arc of two kinds: mineral and vitamin supple¬ 
ments purchased from the chiropractor and prescription drugs 
purchased from pharmacies. 

The advantage that chiropractic care enjoyed in this study in 
terms of total costs is exclusively because of the lack of hospi¬ 
talizations among chiropractic-treated patients. For outpatient 
care, chiropractic was among the most expensive of providers. 

The number of chiropractic visits per episode is substantially 
skewed, and some chiropractors may be inappropriately over 
treating some patients. If this over utilization were controlled, 
then chiropractic’s cost advantage would increase (39). 

CHIROPRACTIC TREATMENT: 

LITERATURE'S NEGATIVES 

Chiropractic Versus McKenzie Treatments 

Randomization to McKenzie therapy, chiropractic adjustment, 
or a control of an education pamphlet was given to 506 pa¬ 
tients. McKenzie and chiropractic treatments both provided 
modest levels of pain relief when compared with the control 
group. The control group functioned just as well at the end of 
a month as did patients who had the more expensive McKenzie 
or chiropractic therapy. No differences were seen between any 
of the groups in terms of function or disability. 

The McKenzie therapists saw their patients for an average of 
4.6 visits over 1 month, whereas the chiropractors had, on av¬ 
erage, two visits more per patient. In terms of total contact 
time, however, the McKenzie therapists spent more time with 
their patients than the chiropractors (40). 

Manipulation Complications Identified 

Various neurologic complications attributed to chiropractic 
manipulation in 89 cases reported in the English language lit¬ 
erature are listed in Table 1.3. One case was of bilateral di¬ 
aphragmatic palsy temporally related to chiropractic manip¬ 
ulation of the neck. Severe orthopnea of acute onset during 
cervical manipulation was the main symptom. We chiro- 



10 Low Back Pain 


Table 1 3 


Complications of Manipulation 


Complication Reported (No.) Cases 


Ischemia in vertebrobasilar territory 

63 

Vertebral artery dissections 

9 

Locked-in syndrome 

4 

Wallenberg’s syndrome 

7 

Occipital infarct (hemianopsia) 

2 

Vertcrbral artery pseudoaneurysm 

1 

Other 

43 

Subdural hematoma with temporal 

1 

hone fracture 

Atlantoaxial dislocations 

4 

Myelopathy 

9 

Spinal cord infarction 

1 

Vertebral body fracture-dislocation 

2 

“Activation” of dormant foramen 

l| 

magnum meningioma 

Brown-Sequard syndrome due to 

\ 

cervical epidural hematoma 

Thoracic disc herniation 

1 

Other 

3 

Horner’s syndrome 

1 

Lumbar radiculopathy 

4 

Cauda equina syndrome 

6 

Unilateral diaphragmatic paralysis 

1 


praetors must he aware of the possible complications (Table 

1.J) (41). 

Cauda Equina Incidence with Spinal 
Adjustment Manipulations 

Between 1967 and 1987 750,000,000 lumbar manipulations 
were performed with four cases of the cauda equina syn¬ 
drome following chiropractic spinal manipulation reported, 
which yields a rough approximation of the risk as 1 case per 
100,000,000 manipulations. It is conceivable that the true 
number of cases is under reported by a factor of 10 or even 
100, making the risk of this complication 1 in 10,000,000 or 
1 in 1,000,000 manipulations, respectively. Therefore, al¬ 
though the exact risk level risk is unknown, it is probably very 
low (42). 

Treatment of Visceral Conditions with 
Spinal Manipulation 

More than half of 1 31 1 Australian chiropractors favored a role 
for spinal adjustment in the management of patients with vis¬ 
ceral conditions such as migraine, asthma, hypertension, or 
dysmenorrhea. The perceived usefulness of spinal adjustment 
varied according to the condition being managed, as did the 
preferred level of adjustment. 


Chiropractors continue to use spinal adjustment in the man¬ 
agement of visceral conditions despite this intervention being 
regarded as an obstacle to the recommendation of public fund¬ 
ing for chiropractic management of visceral conditions (43). 

CHIROPRACTIC TREATMENT: LITERATURE'S 
(AND GOVERNMENTAL) POSITIVES 

Positive Placebo Phenomenon with 
Chiropractic Care 

The placebo response appears to be an integral component of 
practice within the holistic paradigm that profoundly affects 
clinical practice. The benefits derived from this element of the 
therapeutic encounter should not be denigrated; on the con¬ 
trary, it is argued that practitioners should he trained to maxi¬ 
mize positive placebo outcomes (44). 

Manipulation Is Appropriate for Low Back 
Pain Patients 

The RAND corporation studied and concluded that spinal ma¬ 
nipulation is appropriate for low hack pain without the indica¬ 
tion of sciatica. The all-chiropractic panelists agreed unani¬ 
mously: “An adequate trial of spinal manipulation is a course of 
1 2 manipulations given over a period of up to 4 weeks, after 
which, in the absence of documented improvement, spinal ma¬ 
nipulation is no longer indicated” (45). 

Chiropractic seems to be an effective treatment of hack 
pain; however, more studies with a better research methodol¬ 
ogy are clearly still needed (46). Referral for spinal manipula¬ 
tion therapy should not be made to practitioners applying 
rotatory cervical manipulation because of the risk of verte¬ 
brobasilar accidents (47). 

Chiropractic Serves Needed Role 

Cherkin and Deyo (48) state that nearly half the hospitalizations 
in the United States for patients with nonspecific back pain and 
herniated discs were for diagnostic tests (especially myelogra¬ 
phy) and the other half for pain control. Many hospitalizations 
for “medical back problems” are unnecessary, which also sug¬ 
gests a need for improved outpatient and home-based alterna¬ 
tives to hospitalization. 

Chiropractic physicians are trained as outpatient clinicians, 
capable and accustomed to working within restricted parame¬ 
ters of diagnostic facilities while being forced to develop com¬ 
petent clinical impressions on which to build treatment proto¬ 
col. The chiropractor has been highly trained in the clinical 
practice arena for detailed work-ups, devoid of the sophistica¬ 
tion of radiology and laboratory facilities. The chiropractic 
doctor is highly skilled in using personal faculties of observa¬ 
tion, palpation, plain x-ray, and clinical diagnosis to evaluate 
patients. Such training is what is being called for in medicine 
today—a time of cost conservation with a demand for contin- 
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ued quality care—for which we can thank its ancestors for their 
insight in preparing our profession for this time in health care 
delivery. 


Distraction Is Therapeutic Choice for 
Discogenic Conditions 

A detailed description of chiropractic care parameters used at 
a large occupational California medical center presented treat¬ 
ment algorithms that were derived from clinical needs of the 
facility, expert opinion, and reviews of several contemporary 
written protocols (49). Twelve of the most common industri¬ 
ally related low hack conditions are included. The algorithms 
were grouped according to non-discogenic and discogenic 
conditions. The guidelines declared the appropriate care for 
discogenic conditions to be myofascial work, distraction 
manipulation to provide centripetal pressure within the 
disc, and home exercise to increase range of motion (ROM) 
and reduce spasm. 


Chiropractic Specialization in Low Back 
Pain Is Becoming a Reality 


When discussing training of chiropractic doctors in the special¬ 
ized field of low hack pain, I quickly think of Crockard (50), 
who wrote that spinal surgery is a high-risk specialty that is still 
being tried by surgeons who perform it less than 10 times a 
year. He states that both orthopaedic and neurosurgeons want 
spinal surgery as part of their respective fields, but want it as a 
part of their general practice. To paraphrase Saint Augustine on 
chastity: these groups want spinal surgery, but not pure spinal 
surgery yet. 

Crockard (50) calls for the next generation of neurosur¬ 
geons and orthopaedic surgeons to generate spinal surgery as a 
specialty and to classify the surgeon who operates on only 
the spine as a specialist such as is the hand surgeon or maxillo¬ 
facial surgeon. No surgeon can be expected to clip a cerebral 
aneurysm, remove a meniscus through an arthroscope, and 
perform pedicle screw fixation of the lumbar spine, all with 
equal facility. I ask the same of the chiropractic doctor: Can he 
or she be expected to be equally skilled at treating all extrem¬ 
ities and all parts of the manipulative spine? I say not—it de¬ 
mands too much ability for one person. Thus, the creation 
of the specialist in the most common area seen by the chiro¬ 
practor—the low back. The certification course fostered and 
nurtured between myself and the National College of Chiro¬ 
practic since 1991 stands as the model of specialization in dis¬ 
traction manipulation procedures of the low back. 


women aged 1 8 to 64 years) were randomly allocated to chiro¬ 
practic or hospital outpatient management over a 3-year period. 
Results indicated that when chiropractic or hospital therapists 
treat patients for low back pain as they would in day-to-day 
practice, those treated by chiropractic derived more benefit and 
long-term satisf action than those treated by hospitals (51). 


Chiropractors Fill Need for Primary 
Care Practitioners 

A need exists for chiropractors to be primary care physicians 
because of the current shortfall of approximately 100,000 gen¬ 
eralist physicians to meet the 50:50 specialist-to-generalist ra¬ 
tio needed (52). 


Chiropractic Radiologists Outperform 
Medical Radiologists on Testing 

Four hundred ninety-six medical and chiropractic radiologists, 
residents, students, and clinicians completed a test of radi¬ 
ographic interpretation consisting of 19 cases with clinically 
important radiographic findings. Chiropractic radiologists’, 
chiropractic radiology residents’, and chiropractic students’ 
test results were significantly higher than those of their medical 
counterparts (53). 


Spinal Manipulation Consistently 
Outperforms Other Treatments 
of Low Back Pain 

Twenty-three randomized controlled clinical trials on the ef¬ 
fectiveness of spinal manipulation compared with other meth¬ 
ods of care for low back pain, including sham, proved it to be 
consistently more ef fective in the treatment of low back pain 
than were any of the array of comparison treatments (48). 

Spinal Manipulation Is Safer Than 
Other Therapies 

A patient is 1 to 75 times more likely to die from nonsteroidal 
anti-inflammatory drug (NSAID) use than to sustain a verte¬ 
brobasilar insult from cervical manipulation; 30 to 1000 times 
more likely to die from an intravenous pyelogram than to sus¬ 
tain a vertebrobasilar insult from cervical manipulation; and 
500 to 1 5,000 times more likely to die from lumbar disc 
surgery than to sustain a vertebrobasilar insult from cervical 
manipulation (54). 


Chiropractic Care Is of More Benefit Than 
Hospital-Based Therapy 

The Manga Three Year Follow-up report compares the effec¬ 
tiveness, over 3 years, of chiropractic and hospital management 
for low back pain. Patients with low back pain (741 men and 


Steve Martin, PhD, Thesis on 
Chiropractic: The Only Truly 
Scientific Health Care System 

The following thoughts from Dr. Martin’s thesis are presented 
for their interest to the chiropractor (55). 
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Although physicians assumed that they were the sole legitimate ar¬ 
biters of what constituted the science of healing, chiropractors 
were able to assert that they too were scientific, and they found 
sufficient common ground with medicine and popular 
understanding about science to make this argument tenable. Med¬ 
icine failed to achieve a monopoly over science with a capital “S.” 

Chiropractors could, and did, derive many of the benefits of 
proclaiming themselves scientific that physicians did. Certainly, the 
assertion that science led to improved clinical outcomes was pro¬ 
moted as aggressively within chiropractic rhetoric as it was within 
medical discourse. Just as physicians attributed their “miracle” 
cures—the inf ant brought back from death’s door by antitoxin, the 
child saved by insulin—to medical science, chiropractors paraded 
out a host of testimonials from patients cured by chiropractic sci¬ 
ence. By providing a rationale for chiropractic intervention and 
supplying clinical evidence of its ef ficacy, chiropractic science en¬ 
hanced the economic competitiveness of chiropractors. 

However, chiropractic science provided far more than a market 
advantage. Science was a fundamentally important constituent of 
chiropractors’ self-identity. They were unwilling to be relegated to 
the status of craf tsmen who off ered an empirically useful treatment. 
By elaborating a unique conception of science, chiropractors devel¬ 
oped an intellectual framework and justification for spinal manipu¬ 
lation that expanded chiropractic beyond an empiric craft and en¬ 
hanced its professional credibility and stature. Although it is unlikely 
that most practicing chiropractors—or practicing physicians, for 
that matter—consciously dwelled on esoteric points of scientific 
epistemology, their science provided an essential part of their iden¬ 
tity. Chiropractors were not simply spine-twisters, nor physicians 
pill-peddlers, because their actions rested on a scientific foundation. 

Not only was chiropractic scientific, but chiropractors believed 
that their science was superior to medicine, both clinically and 
morally. Rejecting reductionism and materialism, chiropractors be¬ 
lieved that their vision of science retained a necessary emphasis on 
vitalism and spirituality. Chiropractic science accepted the individ¬ 
uality of each patient in the context of a universe governed by God’s 
natural laws. It has been argued that, for physicians, laboratory sci¬ 
ence promoted a new prof essional ethos, one in which “account¬ 
ability to science replaced relations with patients.” If the new scien¬ 
tific medicine placed a subtle but distinct wedge of science between 
doctor and patient, chiropractic science firmly anchored the practi¬ 
tioner to the bedside. The only science chiropractors performed 
was clinical—observing patients. This characteristic allowed chiro¬ 
practors to argue that their’s was “the only truly scientific method 
of healing.” True science incorporated a patient-centered system of 
values that embraced the integration of mind, body, and soul. Con¬ 
fidence in the moral and therapeutic superiority of their science pro¬ 
vided the core of chiropractic’s professional identity. 

The many uses of science by chiropractors challenges historical 
scholarship that implicitly assumes that after 1900 only orthodox 
medicine and its allies successfully appropriated “science.” The di¬ 
versity of meaning and values attributed to science allowed chiro¬ 
practors to gain many of the advantages that physicians acquired by 
stressing chiropractic’s “scientific” status. The success of chiroprac¬ 
tic highlights the vitality, persistence, and importance of alternative 
scientific systems within American society. We have only begun to 


tease out the implications of the enormous variety of meanings as¬ 
sociated with 20th-century science, especially in the relationship be¬ 
tween science and healing. Studying alternative healers provides a 
usef ul tool for examining these complex relationships. (Reprinted 
with permission from Martin SC. The ony truly scientific method of 
healing: chiropractic and American science, 1895-1990. ISIS 1994; 
85:207—227, by the University of Chicago.) 

U.S. DEPARTMENT OF HEALTH 
AND HUMAN SERVICES RECOMMENDS 
SPINAL MANIPULATION FOR ACUTE 
LOW BACK PAIN 

The Agency for Health Care Policy and Research of the U.S. 
Department of Health and Human Services division of the 
Public Health Service published treatment guidelines entitled 
“Acute Low Back Problems in Adults: Assessment and Treat¬ 
ment in 1994.” This document stated that spinal manipulation 
using short or long leverage methods is safe and ef fective for pa¬ 
tients in the first month of acute low back symptoms without 
radiculopathy. For patients with symptoms lasting longer than 
1 month, manipulation is probably safe, but its efficacy has 
not been proved. If manipulation has not resulted in sympto¬ 
matic and f unctional improvement after 4 weeks, it should be 
stopped and the patient re-evaluated. 

This document also states that physical modalities such as 
massage, diathermy, ultrasound, cutaneous laser treatment, 
biofeedback, and TENS also have no proven efficacy in the 
treatment of acute low back symptoms. 

Invasive techniques such as needle acupuncture and injec¬ 
tion procedures (injection of trigger points in the back; injec¬ 
tion of facet joints; injection of steroids, lidocaine, or opioids 
in the epidural space) have no proven benefit in the treatment 
of acute low back symptoms. 

Acetaminophen was cited as the saf est ef fective medication 
for acute low back pain. NSAlDs, including aspirin and ibupro- 
fen, are also effective although they can cause gastrointestinal 
irritation/ulceration or, less commonly, renal or allergic prob¬ 
lems. Muscle relaxants were found no more effective than 
NSAIDs, and opioids appear no more effective than safer anal¬ 
gesics for managing low back symptoms. 

Shoe lifts for leg length inequalities less than 2 cm were 
found to be ineffective in treating low back pain. Low back 
corsets and back belts do not appear beneficial for treating 
acute low back symptoms. Shoe insoles were found safe and in¬ 
expensive options for patients who must stand for prolonged 
periods, if they request them (56). 

U.S. Public Health Service's 
Health Resources and Services 
Administration Awards Grants 
for Research on the "Biomechanics 
of Flexion Distraction Therapy" 

In 1994, federal grants totaling $313,167 were awarded to 
the National College of Chiropractic and Loyola Univer- 
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sity Stritch School of Medicine for a joint study of Cox Dis¬ 
traction manipulation. The goal is to describe with quantita¬ 
tive data the biomechanical events that occur in the spine dur¬ 
ing distraction manipulation, namely changes with the 
intervertebral disc space, osseoligamentous canal, and facet 
joints. Information on defining the limits of safety for dis¬ 
traction manipulation to the ligamentous and cartilaginous 
structures of the lumbar spine will be obtained. This will 
assist clinicians in the appropriateness of flexion distraction 
for particular patients and to assist investigators in designing 
clinical trials. 

The principal investigator is M. Ram Gudavalli, PhD, of the 
National College of Chiropractic Research Department. James 
M. Cox, DC, DACBR will be the clinician in the study. From 
Loyola Medical School will be A.G. Patwardhan, PhD, direc¬ 
tor of the Orthopedic Biomechanics Laboratory at Loyola 
University and Research Department of Hines Veterans Affairs 
Hospital, and Alexander Ghanayem, MD, Chief of Spine Sur¬ 
gery, Department of Orthopedic Surgery at Loyola University. 

This award culminates 35 years of study, research, and many 
failed attempts to gain research funding from the federal and 
private sources. It proves that persistence for a worthy goal 
pays off. Dr. Gudavalli has authored a chapter in this textbook 
on this study. 

A second grant was awarded in 1997 by the Health Re¬ 
sources and Services Administration of the U.S. Public Health 
Service entitled “Flexion Distraction Vs. Medical Care for Low 
Back Pain.” This grant, which will last into the year 2000, will 
compare chiropractic flexion distraction adjusting at the Na¬ 
tional College of Chiropractic to medical care administered at 
Loyola Medical School. 

DISTRACTION ADJUSTING IS A 
SPECIALIST PROCEDURE- 
REQUIRING KNOWLEDGE AND SKILL 
LEVELS FOR OPTIMAL OUTCOMES 

Casey Lee, MD, President of the North American Spine Soci¬ 
ety, stated the following in his presidential address in 1994: 

The rate of laminectomy for disc herniation in the United States is three times 

higher than in Canada and nine times higher than in Europe. 

The rate of hospital admissions for medical and surgical 
procedures is eight times different between two hospitals, 
one in Boston, Massachusetts, and the other in New Haven, 
Connecticut. The rate of spinal fusion in the western re¬ 
gion of the United States is nine times higher than in the 
Northeast (57). 

The American College of Cardiology (ACC) and American 
Heart Association (AHA) Task Force reported that hospitals 
having inadequate caseloads have suboptimal outcome re¬ 
sults. A minimal threshold volume was recommended to be 
100 bypasses per year per cardiac surgeon to maintain com¬ 
petency. 


In 1991, intersurgeon variability was reported to have 
ranged from 40 to 76% for cure after resection of colorectal 
cancer, and the intersurgeon variability ranged from 8 to 30% 
for postoperative mortality. Difference in training and compe¬ 
tency was suggested as the probable reason for such a wide in¬ 
tersurgeon variability. 

Results of a prospective study with 16 centers and 40 sur¬ 
geons on f actors af fecting the outcome of obtaining solid spinal 
fusion indicated that the “surgeon factor” was the most impor¬ 
tant factor even after adjusting for other positive factors affect¬ 
ing the outcome. The range of successf ul f usion rate was 50 to 
1 00% among surgeons. 

What arc reasons for “surgeon specific” variability? An im¬ 
portant f actor is variability in skill level. Skill is attained by ac¬ 
quiring basic knowledge, by exposure and training (learning 
curve), and by maintenance and additional improvement (vol¬ 
ume). The clinical outcome is significantly affected by the sur¬ 
geon’s skill level and his or her position on the learning curve. 

What does it take to reach the plateau of the learning curve? 
What type of supervision or training? How many cases? If so, 
how long? When one has reached the plateau, what volume is 
needed to maintain competency? Should we allow all clinicians 
to perform all types of surgery? Is it best to credential practi¬ 
tioners for certain types of procedures? Do we need a certifi¬ 
cate of added qualification? (57). 

Few Diagnostic and Therapeutic 
Treatments Are Proved 

The Quebec Task Force on Spinal Disorders reported that 
there was only 1 of256 diagnostic test-disease conditions to have sci¬ 
entifically proved value as shown by a randomized controlled 
study. Among 1314 possible therapeutic modalities-disease condi¬ 
tions, only 26 treatment modalities for the lumbar spine and only I for 
the cervical spine had scientifc value. 

The new era has begun! Every individual practitioner, 
group, institution, and level of government is expected to be 
accountable and responsible. If we do not prepare ourselves in 
a proactive way, surely we will be nothing but a sitting duck. 

What can we do? Some of the proposed remedies for these 
problems are randomized clinical trials, practice algorithms, 
practice guidelines, consensus statements, and scorecard sys¬ 
tems. 

Is it a physician’s responsibility to disclose a personal score- 
card to the public? Is it the public’s right to have individual 
practitioners’ scorecards available? (57). 

One Chiropractic Technique's 
Accountability 

Cox Distraction Adjusting has a certification course through 
the National College of Chiropractic to train and credential 
Cox practitioners in this specific adjustment technique. It 
seems that this program is right in line with other specialty 
fields in medicine. 
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Anyone who stops learning is old, whether at twenty or eighty. 

Anyone who keeps learning stays young. The greatest thing in life is 
to keep your mind young. 

—Henry Ford 
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NEUROANATOMY OF THE CAUDA EQUINA 
IN THE LOWER LUMBAR SPINE 

Wall ct al. (1) dissected the cauda equina in cross section for 
excellent study and visualization of the thecal sac containing the 
nerve roots and the location and size differential of the sensory 
and motor components (Figs. 2.1—2.7). 

Nerve Root Compression in Foraminal 
Narrowing and Subluxation 

Compression of a spinal nerve root within an intervertebral 
foramen has been demonstrated in patients who have sciatica, 
but lateral recess stenosis, or nerve root compression within 
the spinal canal, is a more common clinical finding than foram¬ 
inal stenosis (2). Regardless, such compression does not always 
cause sciatica; therefore, clinical correlation is necessary with 
such stenotic findings. 

Figure 2.8 is a cross-sectional view through a normal fora¬ 
men showing the digitized areas that were studied. Significant 
positive correlations are demonstrated between nerve root 
compression and the posterior disc height, the foraminal 
height, and the foraminal cross-sectional area for the four in¬ 
tervertebral levels between the second lumbar and the first 
sacral vertebrae. Nerve root compression was identified by in¬ 
spection when findings included (a) contact between the nerve 
root and the adjacent tissue, (h) deformation of the root appar¬ 
ently caused by pressure of the adjacent tissue, and, in addition, 
no perineural fat seen in the contact areas of the nerve root 
within the foramen. 

Figure 2.9 shows a nerve root compressed by the ligamen- 
tum flavum (arrow) and subluxation of the articular processes. 
No perineural fat is seen in the region of contact between the 
root and the adjacent tissue. 


NEUROANATOMY AND ITS ROLE IN 
DIAGNOSING DISC HERNIATION 

Let us discuss the anatomy of the lumbosacral plexus and 
other plexi of the lumbar spine and pelvis. Dietemann et al. 
(3) state that the main nerves of the pelvis and lower limbs 
arise from the lumbar and sacral plexi. An understanding of 
the neurologic findings related to paravertebral and pelvic 
pathology requires complete and accurate knowledge of the 
anatomy of these regions. The lumbar plexus is formed by 
anastomosis of the ventral rami of the four first lumbar 
nerves. The lumbar plexus lies within the posterior portion 
of the psoas muscle. 

Iliohypogastric and Ilioinguinal Nerves 

The iliohypogastric and ilioinguinal nerves arise from the first 
lumbar nerve. The iliohypogastric nerve is distributed to the 
skin of the upper lateral part of the buttock (lateral branch) and 
the skin of the pubis, and it also has muscular branches to the 
abdominal wall. The ilioinguinal nerve extends to the upper 
and medial regions of the thigh, and, in males, to the skin of the 
penis and scrotum; in females, it extends to the skin of the pu¬ 
bis and the labium majus. 

Genitofemoral Nerve 

The genitofemoral nerve arises from the first and second lum¬ 
bar nerves. It has a genital branch, which supplies the creamas- 
ter muscle, the skin of the scrotum in males, or the skin of the 
mons pubis and labium majus in females; it has a femoral 
branch, which supplies the skin of the upper part of the f emoral 
triangle. 
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Figure 2.1. Posterior view of cauda equina and surrounding dural sac 
prior to sectioning. Sutures mark the individual disc levels. (Reprinted 
with permission from Wall EJ, Cohen MS, Masie JB, et al. Cauda equina 
anatomy 1: intrathecal nerve root organization. Spine 1990; 15(12): 
1244-1247.) 


* * * 4 « * 

* i * * » 




L 5-Sl 



Figure 2.2. A. Cross-sectional view through L5 SI disc level reveal¬ 
ing SI root anterolateral and crescent-shaped pattern of lower sacral 
roots (top = dorsal). B. Schematic diagram depicting pattern of sacral 
root orientation at the L5—SI intervertebral level. (Reprinted with per¬ 
mission from Wall EJ, Cohen MS, Masie JB, et al. Cauda equina anatomy 
I: intrathecal nerve root organization. Spine 1990;! 5(1 2): 1244-1 247.) 


Figure 2.3. Dura retracted exposing exit of first through third sacral 
roots from dural envelope. S4 and S5 roots have been reflected. 
(Reprinted with permission from Wall EJ, Cohen MS, Masie JB, Ryde- 
vik B, et al. Cauda equina anatomy 1: intrathecal nerve root organization. 
Spine 1990; 1 5(12): 1244-1 247.)' 
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L4-L5 



Figure 2.4. A. Cross-sectional view at L4— L5 disc level revealing L5 
root in anterolateral position. SI root is displaced medially forming di¬ 
agonal layer (V configuration). S2—S5 roots remain dorsal midlinc (top = 
dorsal). B. Schematic representation of individual roots at L4— L5 cross- 
sectional disc level. (Reprinted with permission from Wall EJ, Cohen 
MS, Masie JB, ct al. Cauda equina anatomv 1: intrathecal nerve root or¬ 
ganization. Spine 1990;! 5(1 2): 1 244—1 247.) 





Figure 2.5. A and B. C> ■oss-sectional view through L3—L4 disc level. 
Oblique layered configuration of roots evident bilaterally. Single motor 
bundle seen medial and ventral to multifascicular sensorv bundle within 

J 

each layer. S2—S5 roots remain dorsal (top — dorsal). C. Schematic rep¬ 
resentation of cross-sectional root organization at L3—L4 disc level. 
(Reprinted with permission from Wall EJ, Cohen MS, Masie JB, et al. 
Cauda equina anatomy I: intrathecal nerve root organization. Spine 
1990; 15(1 2): 1244-1 247.) 
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L2-L3 



Figure 2.6. A. Cross-sectional view through L2-L3 disc level. L3-S1 
roots continue oblique layered pattern with lower sacral (S2—S5) roots 
remaining dorsal (top — dorsal). B. Schematic depicting cross-sectional 
layered pattern of roots at the L2—L3 intervertebral level. (Reprinted 
with permission from Wall EJ, Cohen MS, Masie JB, etal. Cauda equina 
anatomy 1: intrathecal nerve root organization. Spine 1990;! 5(12): 
1244-1247.) 



Figure 2.7. Cadaveric section o f cauda equina between the L 3—L4 and 
L4-L5 intervertebral levels. The dura is retracted, revealing the elegant 
laying of roots and the invaginations of arachnoid, which hold the roots 
in relation to one another. (Reprinted with permission from Wall EJ, Co¬ 
hen MS, Masie JB, ct al. Cauda equina anatomy 1: intrathecal nerve root 
organization. Spine 1990; 1 5( 1 2): 1 244— 1247.) 



Figure 2.8. Section through a foramen, showing the digitized cross- 
sectional areas that were determined. I, foramina! cross-sectional area 
(large black arrows) and 2, nerve root cross-sectional area (small black ar¬ 
rows). The white arrow shows the osseous margin. (Reprinted with per¬ 
mission f rom Hasegawa T, An HS, Haughton VM, et al. Lumbar foram- 
inal stenosis: critical heights of the intervertebral discs and foramina. J 
Bone Joint Surg 1995;77A[ 1 ]:32— 38.) 



Figure 2.9. Section showing a nerve root compressed by the ligamen- 
tum flavum (arrow) and subluxation of the articular processes (right). No 
perineural fat is seen in the region of contact between the r 
adjacent tissue. (Reprinted with permission from Hasegawa T, An HS, 
Haughton VM , etal. Lumbar foramina! stenosis: critical heights of the in¬ 
tervertebral discs and foramina. J Bone Joint Surg 1995;77A( 1 ):32—38.) 
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Lateral Cutaneous Nerve 

The lateral cutaneous nerve of the thigh arises from the second 
and third lumbar nerves, supplying the skin on the lateral as¬ 
pect of the thigh and the lateral aspect of the buttock. 


Femoral Nerve 

The femoral nerve is the largest terminal branch; it arises from 
the dorsal branches of the ventral rami of the second, third, 
and fourth lumbar nerves. The femoral nerve supplies the skin 
of the anterior aspect of the thigh and of the medial border of 
the leg, the quadriceps of the thigh and sartorius, and the iliac 
muscles. 


Obturator Nerve 

The obturator nerve arises from the ventral branches of the 
ventral rami of the second, third, and fourth lumbar nerves. 


Sciatic Nerve 

The sciatic nerve is the continuation of the sacral plexus. It is 
the largest nerve in the body, measuring 2 cm across at its ori¬ 
gin. It leaves the pelvic cavity through the greater sciatic fora¬ 
men, below the piriformis muscle, and passes behind the 
sacrospinal ligament at its insertion on the ischial spine, then 
running downward between the greater trochanter of the fe¬ 
mur outside and the tuberosity of the ischium inside; at this 
level, the nerve is located in front of the greatest gluteal mus¬ 
cle and behind the obturator internal and gemellus muscles, 
and the quadratus femoris muscle. 

The sciatic nerve supplies the skin of the posterior and lat¬ 
eral border of the leg and foot as well as the muscles of the leg 
and foot and the posterior muscles of the thigh. 


Pudendal Nerve 

The pudendal nerve derives from the second, third, and fourth 
sacral nerves; it is the most important branch of the plexus. It 
supplies the skin of the perineum, scrotum, and penis (or 
labium majus and clitoris); branches are also distributed to the 
external anal sphincter, the skin around the anus, the muscles 
of the perineum, and the pelvic viscera (3). 


Scrotal Pain in Disc Compression of S2 and 
S3 Nerve Roots 

Scrotal pain is described anatomically by White and Leslie (4), 
who present a 20-year-old man who had consulted his general 
practitioner 1 5 months earlier because of continuous right 
scrotal pain. A consultant urologist excluded testicular disease 
and referred him to a pain clinic, but an ilioinguinal and gen¬ 
itofemoral nerve block did not relieve the pain. The pain could 
be reproduced by straight leg raising, so an orthopaedic opin¬ 
ion was sought. 


The pain was exacerbated by leaning forward, coughing, or 
moving suddenly. The patient’s lumbar lordosis was slightly 
flattened, and no forward flexion of the lumbar spine was seen. 
Straight leg raising was limited to 20° on the right by severe 
scrotal pain. No objective neurologic signs were present. 

At operation, an intervertebral disc protrusion was found to 
be impinging on the first sacral nerve root on the right. The disc 
was incised, and a good decompression was achieved. Pain re¬ 
lief was immediate and permanent. 

The posterior two thirds of the scrotum is innervated by the 
second and third sacral nerves. Central disc lesions may com¬ 
press the lower sacral roots, but no such compression was 
demonstrated in this case. An upper lumbar disc lesion is a rare 
cause of scrotal pain, and in such cases there may be no restric¬ 
tion of straight leg raising. The distribution of pain did not seem 
to be related to the level of the disc protrusion, yet decom¬ 
pression of the first sacral nerve root relieved the symptoms. 
Perhaps the anomaly of bone segmentation, besides predispos¬ 
ing to disc degeneration, was associated with an anomaly of 
nerve root segmentation. This case emphasizes the value of ex¬ 
amination of the lumbar spine in cases of unexplained scrotal 
pain (4). 


Summary of Low Back and 
Leg Pain Production 

Nachemson (5), in a discussion of the role of the disc in low 
back and leg pain, concludes: 


1. Disc hernia is usually preceded by one or more attacks of 
low back pain. 

2. Following intradiscal injection of either hypertonic saline or 
contrast media, it is often possible, in patients with com¬ 
plaints of pain as well as in normal subjects, to artificially 
cause the same type of pain as that which occurs from disc 
degeneration. 

3. Investigations have been performed in which thin nylon 
threads were surgically fastened to various structures in and 
around the nerve root. Three to four weeks after surgery, 
these structures were irritated by pulling on the threads, but 
pain resembling that which the patient had experienced pre¬ 
viously could be registered only from the outer part of the 
anulus and the nerve root. 

4. Pathoanatomically radiating ruptures are known to occur in 
the posterior part of the anulus, reaching out toward the ar¬ 
eas in which naked nerve endings are located. Such single 
ruptures in the lumbar discs are first manifested in people 
about 25 years of age, the same age at which the low back 
pain syndrome becomes clinically important. Various theo¬ 
ries on how these ruptures elicit pain exist. 

5. Of all the structures that theoretically could be involved in 
the pain process, only the disc shows changes that could ac¬ 
count for the anatomic changes at such an early age. Such 
changes in other structures in the region generally show up 
much later in life, and then only secondary to severe disc de¬ 
generation. 
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6. Although a late sign, disc degeneration is noted on radi¬ 
ographs of patients between 50 and 60 years of age, and it 
has been seen significantly more of ten i n those who have had 
back pain than in those who have not. 

The facet joints have been demonstrated to show histologic 
signs of arthritis very late in life and always secondary to de¬ 
generative changes in the discs. 

Factors in Low Back Pain Onset 

Genetics 

Genetic factors play a much stronger role in disc degeneration 
than previously suspected. A study of 1 1 5 pairs of male identi¬ 
cal twins showed that genetic inheritance accounted for as 
much as 50 to 60% of the disc changes (6). Disc degeneration 
in the lower lumbar spine had no significant association with 
occupational loading, history of back injuries, exposure to vi¬ 
bration, or smoking. Magnetic resonance images (MRI) of the 
lumbar spines of 40 male identical twins to assess degenerative 
disc changes showed similarities between the co-twins were 
significantly greater than would be expected by chance (7). 

In a study group of 65 patients who had undergone surgery 
for degenerative disc disease, 44.6% were noted to have a pos¬ 
itive family history, whereas 25.4% of the patients in the con¬ 
trol group had a positive family history. In the study group, 
18.5% of relatives had a history of having spinal surgery, com¬ 
pared with only 4.5% of the control group. A familial predis¬ 
position to degenerative disc disease can exist along with other 
risk factors (8). 

Growth Period of Back Pain with a Familial Cohort 
Predicts Adult Low Back Pain 

An 88% probability of low back pain later in life is seen if low 
back pain is present in the growth period and a familial occur¬ 
rence of back pain exists. Growth period pain shows a trend to¬ 
ward aggravation as time passes. Thus, implementing preven¬ 
tive measures in schools may be important in reducing back 
pain later in life (9). 

Low Back Pain Factors 

Back injuries in the work place are rarely caused by direct 
trauma; typically, they are the result of overexertion. Of indi¬ 
vidual factors (10), age is the most important, whereas sex and 
smoking are probable risk factors. Occupational factors associ¬ 
ated with an increased risk of low back pain are: 

• Heavy physical work 

• Static work postures 

• Frequent bending and twisting 

• Lifting, pushing, and pulling 

• Repetitive work 

• Vibrations 

• Psychological and psychosocial 

Individual factors often discussed as potential risk factors in 
low back pain are (10): 


Factor 

Age 

Sex 

Posture 

Anthropometry 
Muscle strength 
Physical fitness 
Spine mobility 
Smoking 


Importance 

Certain 

Probable (age-dependent) 
Low (severe only) 

Low (extremes only) 

Low (work-related) 

Low (work-related) 

Low 

Probable 


Vibration with Heavy Lifting Is High Risk of 
Low Back Pain 

Combined long-term vibration exposure followed by heavy 
lifting, driving as an occupation, and frequent lifting are the 
greatest risk factors for low back injury. Repetitive compres¬ 
sive loads put the spine in a poorer condition to sustain higher 
loads applied directly after a long-term vibration exposure, 
such as from several hours of driving. Another consideration 
is the vibration-induced accumulation of metabolites, which 
leads to a more accelerated development of degenerative 
changes in the disc. Drivers aged 35 to 45 years reported more 
“low back pain” than control subjects, whereas no difference 
was found between occupations in the younger and older 
groups (11). 

Childbearing Increases Low Back Pain Incidence 

Fifty percent of women have back pain some time during preg¬ 
nancy and more than a third report it as a severe problem. Back 
pain occurs at night in more than one third of pregnant women, 
and it contributes significantly to insomnia. Pregnancy-related 
back pain is associated with a higher number of subsequent 
abortions, either spontaneous or induced. Weight gain, mater¬ 
nal obesity, and fetal weight at term were not found to be re¬ 
lated to gestational back pain. Backpain occurring during preg¬ 
nancy is also associated with a postpartum back pain prevalence 
of about 40% (12). 

Postpartum backache probably results from both epidural 
anesthesia and posture, and because of the combination of 
stressed positions in labor, muscular relaxation, and lack of 
mobility. Clinical entities implicated as causes of back pain in 
pregnancy include pelvic insufficiency, sacroiliac joint sublux¬ 
ation, sciatica, lumbosacral disc pathology, spondylolisthesis, 
postural back pain and lumbar lordosis, thoracic back pain, and 
coccydynia. Sacroiliac joint subluxation incidence in pregnancy 
is about 28%, and therapeutic rotational manipulation of the 
sacroiliac joint reportedly results in relief of pain in 91% of 
cases (12). 

Increased lifting and stress may be responsible for an in¬ 
creased risk of low back pain in both men and women with chil¬ 
dren (13). 

Pelvic pain is associated with twin pregnancy, first preg¬ 
nancy, older age at first pregnancy, larger weight of the baby, 
forceps or vacuum extraction, fundus expression, and a flexed 
position of the woman during childbirth. The pain is hypothe¬ 
sized to be caused by strain of the ligaments in the pelvis and 
lower spine, which result from a combination of damage to lig- 
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aments, hormonal effects, muscle weakness, and the weight of 
the fetus (14). 

Thirty percent of women are on sick leave for an average of 
7 weeks during pregnancy. Pain intensity is reduced and the ex¬ 
penses of extra physiotherapy was regained by a factor of 10 
through reduced costs from sick leave (15). 

Other Factors Associated with Higher Risk of 
Low Back Pain 

Previous traumatic back injury increased the risk of having a 
low back syndrome 2.5 fold, and was responsible for 1 6.5% of 
sciatica and 1 3.7% of low back pain cases (16). Previous low 
back pain, or current pain in other sites doubles the risk of de¬ 
veloping a new episode of low back pain (17). 

Smoking was associated with increased risk of low back pain 
in all subgroups except women aged 30 to 49 years, but it was not 
associated with sciatica. The risk of sciatica increased significantly 
with increased body height in men aged 50 to 64 years (16). 

No clear evidence points to a causal relationship between 
smoking and back pain. It is unlikely that smoking causes sciat¬ 
ica or disc herniation (18). Another study indicates smoking is 
likely to cause at least certain types of low back pain, such as 
longstanding low back pain or frequently reoccurring low back 
pain combined with problems in other musculoskeletal areas. 
Smokers with a low body mass index may be more likely to ex¬ 
perience low back pain and/or other musculoskeletal problems 
than those of heavier build. A link between smoking, respira¬ 
tory problems, and some types of low back pain is suggested, 
but respiratory problems alone are not obviously associated 
with low back pain (19). 

Patients with chronic back pain consume more than twice as 
much caffeine as patients without chronic back pain (20). 

EFFECTS OF DISC CIRCULATION AND 
LOW BACK PAIN INCIDENCE 

Smoking 

To open this discussion, I would like to cite an interesting study 
(21) on lung cancer incidence in smoking. Although this study 
does not deal with low back pain, it is an important issue and is 
comparable to the adverse effects on disc circulation that follow. 
In the study, the available epidemiologic studies of lung cancer 
and exposure to other people’s tobacco smoke (exposure was as¬ 
sessed by whether or not a person classified as a nonsmoker lived 
with a smoker) were identified and the results combined. In 10 
case-controlled and 3 prospective studies, overall, a highly sig¬ 
nificant 35% increase in the risk of lung cancer was found among 
nonsmokers living with smokers compared with nonsmokers liv¬ 
ing with nonsmokers (relative risk, 1.35; 95% confidence inter¬ 
val, 1.19 to 1.54). The increase in risk among nonsmokers living 
with smokers compared with a completely unexposed group was 
thus estimated as 5 3% (relative risk of 1.5 3). 

This analysis and the fact that nonsmokers breathe environ¬ 
mental tobacco smoke, which contains carcinogens, into their 
lungs, and that the generally accepted view is that no safe 


threshold exists for the ef fect of carcinogens, lead to the con¬ 
clusion that breathing other people’s tobacco smoke is a cause 
of lung cancer. About one third of the cases of lung cancer in 
nonsmokers who live with smokers, and about one fourth of 
the cases in nonsmokers in general, can be attributed to such 
exposure (21). 

It is often thought by physicians that veterans have a much 
higher prevalence of smoking than the general population. To 
test this perception, all patient charts on the medical and sur¬ 
gical wards of the Denver Veterans Administration Hospital 
were reviewed on August 24, 1986, for reported smoking 
habits. 

Nearly twice as many inpatients (50.7%; 74 of 146) as out¬ 
patients (27.0%; 1 26 of 466) were current smokers (P < 
0.001, X 2 ). The age-adjusted smoking rate among inpatients 
(63.5%) was almost double the national rate (3 3%), whereas 
no significant difference was found between the outpatient rate 
(35.6%) (P >0.10, Poisson) and the national rate. Indeed, a 
high prevalence of smoking and smoking-related diseases is 
found among VA hospital inpatients. In contrast, outpatient 
veterans smoke at a rate similar to the national average (22). 

Smoking Reduces Discal Circulation 

Particularly in the case of large human discs in which the bal¬ 
ance between nutrient use and supply is delicate, any loss in 
blood utilization and supply is precarious, and any loss in blood 
vessel contact or reduction in blood flow at the periphery of the 
disc could lead to nutritional deficiencies and buildup of waste 
products (23). 

In an experimental study, the influence of cigarette smoke 
on nutrition of the intervertebral disc was investigated. Six 
dogs and eight pigs were anesthetized, intubated, and kept ven¬ 
tilated in a respirator. An additional pumping system was at¬ 
tached to the respirator so that the smoke could be adminis¬ 
tered. During the testing time, blood gases and intradiscal 
oxygen tension were measured continuously. After the smok¬ 
ing period, radioactive isotopes (sulfate and methyl glucose) 
were introduced intravenously. The animals were killed at var¬ 
ious times after the infusion, and their spines were quickly ex¬ 
cised and analyzed. 

A smoking period of 3 hours reduced the transport effi¬ 
ciency of blood gases and oxygen to about 50%. The ef fect of 
smoke decreased when the exposure ceased. The concentra¬ 
tion gradients were close to normal after 2 hours of “recovery.” 

These findings demonstrate that cigarette smoke signifi¬ 
cantly affects the circulatory system outside the intervertebral 
disc. The most pronounced ef fect was the reduction in solute 
exchange capacity. When the transport of substrate, which is 
necessary for the cells in order to fulfill the prevailing energy 
demands in the tissue, is reduced, the inevitable consequence 
over a longer period of time will be deficient nutrition (23). 

Smoking and Exercise Incidence in Low Back Pain 

We compared the exercise and smoking habits of 576 patients 
suffering low back and leg pain with those of 50 persons who 
stated that they were asymptomatic. Findings were that 3 3% of 



24 


Low Back Pain 


low back and leg pain sufferers smoked and 14% of patients with¬ 
out low back or leg pain were found to smoke; and 47% of low 
back or leg pain sufferers exercised regularly, as compared with 
86% of nonsufferers. Specifics on the amount of smoking (by 
packs of cigarettes, amount of pipe tobacco, or number of cigars 
smoked daily) were given in this paper, as well as the number of 
times weekly a person exercised and for how long. A higher per¬ 
centage of persons not suffering from low back or leg pain exer¬ 
cise regularly, more frequently, and longer at each session than 
those who suffer from these pains. Likewise, a higher percentage 
of those without low back and leg pain did not smoke, as com¬ 
pared with those who did have low back or leg pain. These sta¬ 
tistics would indicate that less low back and leg pain is experi¬ 
enced by those who exercise regularly and avoid smoking (24). 

Further factors concerning low back pain and smoking are 
of interest. Cigarette smoking was associated with an increased 
risk of prolapsed disc (25). A person’s risk of prolapsed disc 
was increased by about 20% for each 1 0 cigarettes smoked per 
day, on the average, during the past year. Patients with severe 
low back pain were more likely to be cigarette smokers and 
consumed greater amounts of tobacco, as measured by both the 
number of cigarettes smoked per day and the number of years 
of exposure (26). Fifty-three percent of 288 men with severe 
low back pain smoked, whereas only 39.6% of 368 men with¬ 
out pain smoked, and 43.8% of 565 men with moderate low 
back pain smoked. 

In a retrospective study, smoking was identified as being sig¬ 
nificantly associated with medically reported episodes of low 
back pain. Svcnsson (27) and Svensson and Andersson (28) 
identified a similar association in Swedish industrial workers, 
and they speculated that coughing leading to increased in- 
tradiscal pressure was the mechanism responsible for this rela¬ 
tionship. A Danish study (29) supported this idea by identify¬ 
ing coughing and chronic bronchitis, but not smoking, as 
important in the cause of low back complaints. 

Frymoyer et al. (30) indicated that smoking and coughing 
were related to low back pain but that coughing alone was in¬ 
sufficient to account for the difference in back complaints in 
subjects who smoked. It might be that smokers have emotional, 
recreational, or occupational differences, although multivari¬ 
ate analysis of a retrospective and epidemiologic survey did not 
confirm that speculation. The nicotine equivalent of one ciga¬ 
rette, when injected into a dog, may cause a reduction in the 
blood flow in the vertebral body. It is believed that decreased 
diffusion of nutrients into the disc by such alteration of blood 
flow could adversely affect discal metabolism and render the 
disc more susceptible to mechanical deformities (31). 

Other studies have suggested that smoking and/or coughing 
is a risk factor for prolapsed lumbar disc (29, 32) and for back 
pain in general. In fact, it now seems that spinal disorders can be 
added to the long list of diseases associated with cigarette smok¬ 
ing. The mechanisms for the association with smoking are not en¬ 
tirely clear. One plausible mechanism is that smoking brings 
about coughing, which in turn puts more pressure on discs. In 
one study (26), the association of coughing with prolapsed lum¬ 
bar disc was negligible. Although this might suggest that some 
other mechanism causes the effect of smoking on intervertebral 


discs, the tendency of smokers to deny that they cough may also 
contribute to the lack of association with coughing. Smoking was 
identified as significantly associated with low back pain episodes 
in reports by Frymoyer et al. (26), Svensson (27), and Svensson 
and Andersson (28). Svensson and colleague (27, 28) studied low 
back pain in relation to other diseases in a random sample of 940 
Swedish men aged 40 to 47 years. Included was the prevalence 
of smoking as one of nine variables correlated to low back pain. 
Smoking habits were evaluated in the following manner: those 
who had consumed 1 g of tobacco daily or who had stopped 
smoking within 3 months before the interview were considered 
to be smokers; persons who had never smoked or who had pre¬ 
viously smoked continuously for less than 1 month were consid¬ 
ered nonsmokers; and the remaining were regarded as ex-smok¬ 
ers. One cigarette was considered equivalent to 1 g of tobacco, 
and a cheroot, 2 g. Four categories were used: 1 to 4, 5 to 14, 

1 5 to 24, and 25 or more grams per day, respectively. 

Of all men investigated, 42.5% were smokers, 2 3.2% were 
ex-smokers, and 34.2% were nonsmokers. Twenty-seven per¬ 
cent of the men had a daily consumption of more than 1 5 g of 
tobacco. The median value of the smoking habit duration 
among the smokers was 25 years. Productive cough was found 
in 21.1% of the men and breathlessness on exertion in 1 6.6%. 

Svensson and colleagues (27, 28) found that the proportion 
of smokers among the men with low back pain was greater than 
among the controls, and that the association between low back 
pain and smoking persisted in the analysis. This interesting find¬ 
ing was also reported by Frymoyer et al. (30). In recent years, 
a positive correlation between smoking and diminished bone 
mineral content has been identified (3 3, 34). Microfractures of 
the trabeculae in the lumbar vertebral bodies caused by osteo¬ 
porosis are a possible cause of low back pain (35). Further in¬ 
vestigations are needed to clarify the connection between 
smoking and low back pain. 

Frymoyer et al. (30) analyzed the records of 3920 patients 
and found that 1 1% of men and 9.5% of women reported an 
episode of low back pain during a 3 year interval. The low back 
pain sufferers were more likely to be cigarette smokers, par¬ 
ticularly when smoking was accompanied by a chronic cough. 
In 203 men aged 1 8 to 5 5 years with low back pain, 3 3% were 
smokers, whereas only 1 3.6% of 1649 men without low back 
pain were smokers (P < 0.001). Of 1 96 women aged 1 8 to 5 5 
years with low back pain, 26% smoked, whereas of 1872 
women without low back pain, on 1 2.1% smoked (/ ) < 0.001). 

Frymoyer et al. (30) believed this to be an unexpected asso¬ 
ciation between low back pain and smoking. They speculated 
that smoking might influence low back pain by one of three pos¬ 
sible mechanisms. First, smokers might possibly be constitution¬ 
ally or emotionally selected in a biased fashion for the low back 
complaint. Although smoking was related to anxiety and depres¬ 
sion, this was found in preliminary analysis to be uniform 
throughout the male and female populations with and without 
low back pain. Hence, no specific selective bias appears to exist 
for low back pain patients who smoke and also have other psy¬ 
chological risk factors to a greater extent than the population at 
large. Second, smoking might produce significant hormonal and 
other alterations that increase the low back pain. Third, smoking 
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might produce other problems that lead to a greater incidence of 
low back pain. Those patients with low back pain had a greater 
reported incidence of chronic cough, which suggests the possi¬ 
bility that mechanical stresses induced by coughing may be rele¬ 
vant to the low back complaint. The extent to which chronic 
coughing and smoking are related to this population is currently 
under study. Biering-Sorenson (36) identified coughing, but not 
smoking, as important in the cause of low back complaints. 

Traumatic Onset Low Back Pain 
Is Not Common 

In a study of more than 1 1,000 patients, low back pain was gen¬ 
erally not precipitated by a clearly defined injury. Only about 
one third of patients who are not involved in workers’ com¬ 
pensation, insurance claims, or pending litigation can identify 
an event that triggered their back problems. Spontaneous on¬ 
set is the natural history of most back pain (37). Body mass, 
physical work load, and a history of sick leave increased the risk 
of back pain disability, but smoking and sex did not. Individu¬ 
als who engaged in at least 3 hours of leisure-time physical ex¬ 
ercise per week had a significantly reduced risk of work dis¬ 
ability (37). Cardiovascular physicians wearing lead aprons may 
have an increased risk for the development of back pain and in¬ 
tervertebral disc disease (38). 

Space Weightless State Causes Disc Expansion and 
Back Pain 

The altered mechanics caused by disc expansion during space 
weightless flight and rapid compression after flight may be in¬ 
volved in low back pain. Back pain even during missions lasting 
only 1 week, with relief occurring by sleeping in the fetal po¬ 
sition, is reported (39). 

Loss of Diurnal Height 

Loss of height of 11% in lumbar discs in subjects performing 
normal activities is measured. Creep under controlled loading 
conditions is 7.3% in the flexed posture and 9.0% in the ex¬ 
tended posture. Creep may be greater in an extended near- 
seated posture than in a flexed posture (40). 

Role of Abdominal Aorta Atherosclerosis: 
Role in Degenerative Disc Disease 

Atherosclerosis in the abdominal aorta and especially stenosis 
of the ostia of segmental arteries may play a part in lumbar disc 
degeneration (41). Diminished oxygen and nutrient supply to 
the intervertebral disc may be harmful and lead to degenerative 
changes. 

The blood supply of the lumbar spine is as follows: the up¬ 
per three lumbar levels receive blood supply from the four 
lumbar arteries arising from the posterior wall of the abdomi¬ 
nal aorta. The fourth segment is supplied by the fourth lumbar 
artery and middle sacral artery arising just above the bifurca¬ 
tion of the aorta, and the fifth lumbar segment receives its 


blood supply from the middle sacral artery and the iliolumbar 
arteries from the internal iliac arteries. 

Atherosclerosis of the abdominal aorta obstructs the ostia of 
the blood vessels supplying the lumbar segments (Fig. 2.10), 
and it may affect disc degeneration through nutritional insuffi¬ 
ciency. Stenosis of the ostia may be slow and collateral circula¬ 
tion may establish alternate blood routes, but rapid obstruction 
might cause abrupt symptoms. 

At best, the disc has a minimal blood supply, and any dis¬ 
ruption of it can lead to symptoms. The degree of decreased 
blood flow necessary to lead to degenerative disc disease is yet 
to be determined (41) 

Back pain may be related to work in the same sense as angina 
pectoris is. Postmortem lumbar aortograms were done in 56 
cadavers to study differences between subjects with and with¬ 
out low-back pain in the lumbar and middle sacral arteries. In¬ 
sufficient arterial blood flow may be an underlying factor for 
low-back symptoms. Atheromatous lesions in the abdominal 
aorta or congenital hypoplasia of the arteries may explain the 
angiographic findings and incidence of low back pain (42). 
Women with arterial disease are likely to have back pain and 
vertebral fractures. Aortic calcification predicted disc degener¬ 
ation at the corresponding intervertebral level (43). 

Low Back Pain Results in Fourfold Incidence 
of Death from Heart Disease 

Middle-aged men who suffer from back pain had more than a 
fourf old increased risk of dying of heart disease in a 1 3-year fol¬ 
low-up study than comparable men with no back symptoms 
(44). In another study, no relation was found between back 
pain and death from ischemic heart disease in older men (45). 

Blood Supply and Nutrition of the Disc 
Regulated by End Plate Receptors 

Blood flow in the sheep lumbar spine was measured and data 
showed the existence of muscarinic receptors in vessels of the 
vertebral end plate, which suggests that the vasculature may in¬ 
fluence disc nutrition (46). 

Characteristics of Surgical Patients 

Both an increased body mass index and a tall stature seem to 
have a clear association with those severe lumbar intervertebral 
disc herniations that require operative treatment (47). Former 
female elite gymnasts did not have more back problems than an 
age-matched control group (48). 

DISC AND FACET BIOMECHANICS IN LOW 
BACK PAIN AND SCIATICA PATIENTS 

Pain Source in Low Back Pain 

Figure 2.11 demonstrates that practically every anatomic 
structure of the lumbar motion segment is capable of produc¬ 
ing pain. 
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Figure 2.10. A. Abdominal aorta of a 59-year-old man. Advanced atherosclerotic changes with areas of 
ulcerations and intimal necrosis, and stenosis of ostia of several lumbar arteries. Ostia of the middle sacral 
artery is normal. B. Plain radiograph of aorta showing tiny calcium deposits scattered over large area. C. 
Anteroposterior radiograph of lumbosacral spine exhibiting large osteophytes and narrowing of interver¬ 
tebral spaces at several levels. (Reprinted with permission f rom Kauppila LI, Penttila A, Karhuncn PJ, et 
al. Lumbar disc degeneration and atherosclerosis of the abdominal aorta. Spine 1994; 19(8):923—929.) 


Pain source is an important place to start when discussing 
biomechanics and factors in the cause of low back pain. Infor¬ 
mation about the pain-sensitive structures of the lumbar spine 
must include the intervertebral disc, capsular structures, os¬ 
seous structures, and the paraspinous muscles (49). 

A synopsis of articles describing the sensory nerve supply of 
the intervertebral disc follow: 

1. Bernini and Simeone (50) state that the sinuvertebral nerve 
(SVN) supplies the posterior longitudinal ligament, anulus 
hbrosus, and neurovascular contents of the epidural space. 

2. Nachcmson (5) found that the outer anulus and nerve root 
were the most pain-sensitive, and that they reproduced the 


patient’s presurgical symptoms when stimulated 3 to 4 
weeks postsurgically. 

3. Farfan (51) points out that increasing evidence indicates that 
unmyelinated nerve endings are usually associated with pain 
reception in the posterior anulus, and they even penetrate 
the nucleus. The posterior longitudinal ligament is well in¬ 
nervated. 

4. Helfet and Gruebel-Lee (52) have shown that when a radial 
tear penetrates the outer anulus, an attempt is made at heal¬ 
ing by ingrowth of granulation tissue. Naked endings of the 
SVN have been identified in this granulation tissue. These 
may be pain receptors, which would explain discogenic pain 
in the absence of herniation. 
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5. Bogduk (5 3) believes that the SVN supplies the anulus fi- 
brosus and the posterior longitudinal ligament. It runs up 
and down two segments, supplying the anulus and posterior 
longitudinal ligament above and below. 

6. Tsukada (54) and Shinohara (55) claim that nerve fibers ex¬ 
ist not only in the posterior longitudinal ligament hut also in 
the nucleus and notochord. Malinsky (56) and Hirsch et al. 
(57) observed that nerve fibers penetrated into the outer 
layers of the disc. Tsukada (54) and Shinohara (55) found 
nerve endings in granulation tissue within the inner layers of 
the anulus and in the nucleus of some degenerated discs. In 
another article, Yoshizawa et al. (58) found profuse free 
nerve terminals in the outer half of the anulus hut no such 
terminals in the nucleus. 

7. Sunderland (59) stated that the recurrent meningeal nerve 
supplies the dura, intervertebral disc, and associated struc¬ 
tures. 

8. Edgar and Ghadially (60) say that the SVN divides into as¬ 
cending, descending, and transverse branches adjacent to 
the posterior longitudinal ligament. Lazorthes et al. (61) 
state that this nerve supplies the neural laminae, the inter¬ 
vertebral disc at the adjacent levels, the posterior longitudi¬ 
nal ligament, the internal vertebral plexus, the epidural tis¬ 
sue, and the dura mater. Concerning the tissues supplied by 
the SVN, however, disagreement exists; some authorities 
do not believe that there is such a wide distribution. Tsukada 
(54) and Shinohara (55) found that the outer anulus is in¬ 
nervated in a normal disc hut that fine nerve fibers accom¬ 
pany granulation tissue present in a degenerated disc. In one 
instance, fine fibers were observed in the nucleus. Most of 


these were naked nerve endings and probably mediated pain 
sensation. Edgar and Ghadially (60) found that sinuvertehral 
nerves supply the anterior dura. In spinal stenosis, there¬ 
fore, irritation of the SVN may be the mechanism of claudi¬ 
cation pain. 

Well-Substantiated Neurologic Facts 

In discussing the lumbar intervertebral disc syndrome, Bogduk 
(53) states that four elements of the nervous system may be in¬ 
volved in the production of this syndrome: the lumbosacral 
nerve roots, the spinal nerves, the dorsal rami, and the sinu¬ 
vertehral nerves. The nerve root is usually irritated because 
of its being stretched over a protruding or prolapsed disc. 
Irritation of the spinal nerve may result from arthrosis of 
the zygapophysial joints, Hgamentum flavum hypertrophy, 
osteophytes, intervertebral disc protrusion, subluxation, 
spondylolisthesis, infection, tumor, fracture, Paget’s disease, 
or ankylosing spondylitis. The dorsal rami (which supply the 
zygapophysial joints, the erector spinae muscles and their re¬ 
lated f ascia and skin, the periosteum of the vertebral arches, the 
multifidus muscles, the interspinous ligament, and the inter- 
spinous muscles) are irritated by articular facet arthrosis, 
subluxation, sacroiliac joint arthrosis, spinous process im¬ 
pingement, strain of the sacral joints, hyperlordosis, scoliosis, 
myositis, muscle spasm, and reactions secondary to sclerosis or 
arthrosis of the articular facets. The SVN, also known as the re¬ 
current meningeal nerve, supplies the posterior longitudinal 
ligament as well as the anulus fibrosus of the disc. A descend¬ 
ing branch runs caudally for a maximum of two segments, sup- 
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Figure 2.11. This figure demonstrates clearly the sensory innervation of practically every anatomic 
structure in the spine. The anulus fibrosus, the major ligaments, the intervertebral joints and their cap¬ 
sules, the vertebral body, and all the posterior osseous structures are provided with sensory innerva¬ 
tion. Thus, virtually any structure can he a potential source of spine pain. (Reprinted with permission 
from White AA, Panjabi MM. Clinical Biomechanics of the Spine. Philadelphia: Lippincott-Raven, 
1978:279.) 
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plying the anulus fibrosus and the posterior longitudinal liga¬ 
ment. An ascending branch may also behave similarly. Any le¬ 
sion of the anulus or posterior longitudinal ligament is capable 
of setting up pain impulses in the sinuvertebral nerve. 

Two basic causes of low back pain are internal derangements 
of the intervertebral disc and irritation of the zygapophysial ar¬ 
ticulation. The ontogeny of low back pain concerns two struc¬ 
tures: the disc and facet. Debate continues to which is the ini¬ 
tial lesion and which is a secondary or compensatory change. 
After study, I believe that the initial change takes place in 
the intervertebral disc, which later affects the articular facet. 
Vernon-Roberts and Pirie (62) state that a direct relationship 
exists between the degree of disc degeneration, the marginal 
osteophyte formation on vertebral bodies, and the apophyseal 
joint change, which suggests that disc degeneration is the pri¬ 
mary event leading to the clinical condition of degenerative 
spondylosis. 

INTERVERTEBRAL DISC HAS DUAL NERVE 
SUPPLY: AUTONOMIC AND SPINAL NERVE 

The anterior portion of lumbar intervertebral discs is inner¬ 
vated by sympathetic fibers alone, whereas the posterior por¬ 
tion is innervated by the sinuvertebral nerve. No boundary or 
septum is found between the anterior and posterior portion of 
the intervertebral discs histologically or developmentally. No 
other organs appear to be known to have such dual innervation. 

Mechanical stimulation of the posterior portion of lumbar 
intervertebral discs causes low back pain, even after two roots 
on the same side have been anesthetized. These findings indi¬ 
cated that the nerve fibers in the SVN are not derived from the 
spinal nerves but suggest that they may originate from the sym¬ 
pathetic nerves, transmitting discogenic low back pain. In the 
modern description of the autonomic nervous system, efferent 
and afferent fibers are included. 

Discogenic low back pain is poorly localized and often lacks 
tenderness to palpation over the pain site. This kind of ref erred 
pain resembles visceral pain. Visceral pain is transmitted by 
sympathetic afferent fibers. Discogenic low back pain could be 
transmitted by sympathetic nerves. From the point of view of 
innervation, discogenic low back pain may have similar features 
to visceral pain (63). 

Afferent Pathways of Discogenic 
Low Back Pain 

Discogenic low back pain i s transmitted nonsegmentally b y vis¬ 
ceral sympathetic afferents mainly through the L2 spinal nerve 
root, presumably via sympathetic af ferents from the sinuverte¬ 
bral nerve, which may be perceived as ref erred pain in the L2 
dermatome as shown in Figure 2.12 (64). This is based on ev¬ 
idence showing that lumbar sympathetic afferents play a role in 
transmitting low back pain and stating that low back pain is in¬ 
duced by stimulation of the lumbar sympathetic trunk and that 
it transmits pain (64). The sympathetic trunk originates from 



Figure 2.12. Diagram showing the proposed afferent pathways of 
discogenic low hack pain. Pain from a lower lumbar disc is transmitted 
nonsegmentally hv visceral sympathetic afferent fibers, mainly from the 
L2 spinal nerve root. This results in ref erred pain in the L2 dermatome 
( DRG , dorsal root ganglion; SVN, sinuvertebral nerves; ST, sympathetic 
trunk). (Reprinted with permission from Nakamura S, Yakahashi K, 
Takahashi Y, et al. The afferent pathways of discogenic low hack pain: 
evaluation of L2 spinal nerve infiltration. J Bone Joint Surg Br 1996; 
78B(4):606—612. Copyright 1996, The British Editorial Society of Bone 
and Joint Surgery, London.) 


the myelomeres of T1 to L2 with L2 being the only dermatome 
corresponding to the low back. 

Discogenic low back pain is relieved by L2 spinal nerve root 
injection and could serve as a diagnostic or treatment proce¬ 
dure. 

Inguinal Pain 

Inguinal pain in low back pain patients is suggested to be from 
LI and L2 dorsal root ganglions via irritation of the anterior 
portion of the intervertebral disc (64A, 65). 

Iliac Crest and T11-L1 Pain May Indicate 
L1-L2 Dorsal Ramus Entrapment 

Unilateral low back pain with nonradiating pain localized to the 
lumbosacral triangle and buttock should include examination 
for tenderness at the posterior crestal point. When this ten¬ 
derness is present along with ipsilateral articular tenderness at 
the Til—’T12 or T12—LI level and pinch-roll tenderness over 
the buttock, sensory nerve conduction studies of the LI—L2 
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dorsal rami may be useful in detecting conduction abnormali¬ 
ties that indicate an entrapment neuropathy at the iliac crest. If, 
in fact, this diagnostic entity is shown to exist, this group of pa¬ 
tients may benefit from therapeutic interventions directed to¬ 
ward relief of the entrapment, including therapeutic injection 
or, possibly, surgical release (66). 

Dura Mater Supplied with Sympathetic 
Nerves May Be a Source of Low Back Pain 

Sensory fibers innervate the lumbar dura mater via L2—L3 sym¬ 
pathetic nerves in rats. Sympathectomy reduced the number of 
these nerve fibers in the lumbar dura mater. Sympathetic 
nerves may play an important role for low back pain involving 
the lumbar dura mater (67). 

Lumbar Spine Dura, Ligaments, Discs, and 
Vertebral Bodies As a Source of Pain 

Back Pain (70%) Should Be Diagnosable with 
Correct Testing 

Bogduk (68) states that, collectively, lumbar zygapophysial joint 
pain, internal disc disruption, and sacroiliac joint pain account 
for nearly 70% of chronic low back pain. It has commonly been 
believed that in more than 70% of patients with chronic low 
back pain a diagnosis cannot he made. Painful discs occur only 
in patients with hack pain. In the back, zygapophysial joint pain 
is found in only a minority of patients: 40% or as little as 1 5%, 
depending on country and clinical circumstances. However, in¬ 
ternal disc disruption accounts for a further 39% of cases of back 
pain. Cervical zygapophysial joint pain accounts for more than 
50% of chronic neck pain after whiplash. It is not 70% of low 
back patients who defy diagnosis, hut 70% of patients who could 
be diagnosed. A diagnosis is impossible only for those who 
refuse to use available techniques (68). 

MECHANISM OF LOW BACK PAIN IS 
UNCERTAIN—DISC, LIGAMENT, DURA? 

The disc may be the primary source of pain, but the mecha¬ 
nisms of pain production are uncertain. Pain in and around the 
disc can originate in interdiscal nerve endings, in the posterior 
longitudinal ligament (PLL) near attachments to the disc, or in 
the ventral dura (69). 

Pain arising from the intervertebral disc (IVD) has been 
demonstrated by several investigators (69). Severe pain with 
poorly localized deep aching across the back when 0.3 mL of 
1 1% NaCI was injected into the IVDs of human volunteers has 
been shown. A surgical patient had backache reproduced when 
a nylon suture looped through the L5—SI disc was pulled. A re¬ 
port of 144 back surgery patients studied under progressive re¬ 
gional anesthesia found the disc anulus was exquisitely tender 
in one third, moderately tender in one third, and insensitive in 
one third. 

Profuse innervation extending as deep as half of the anular 


thickness has been reported as well as relatively dense innerva¬ 
tion of the disc anulus, but only in the superficial layers (69). 

What Is the Pain Production from Facet 
Joint Versus Disc Irritation? 

Pain receptors (nociceptors) are found in disc, facet, nerve 
root, dorsal root ganglion, and muscle, some of which seem to 
be more pain sensitive than others. This raises the question of 
what structures of the lumbar spine do indeed cause the pain 
experienced by humans (70). 

Disc and Facet As a Combined Source of Pain Is Rare 

Ninety-two consecutive patients with chronic low back pain 
were studied using both discography and blocks of the zy¬ 
gapophysial joints. Conclusion: In patients with chronic low hack 
pain, the combination of discogenic pain and zygapophysial joint pain 
is uncommon (71 ). 

Pain arising from the disc is more common than pain arising 
from the zygapophysial joint. However, 49% of patients clearly 
had neither discogenic nor zygapophysial joint pain. 

Zygapophysial joint pain is highly unlikely to occur in pa¬ 
tients with symptomatic lumbar intervertebral discs. Disco¬ 
genic pain appears to be a singular, independent disorder. Disc 
disease sufficient to cause discogenic pain does not, by and 
large, disturb the zygapophysial joints in a way to render them 
symptomatic (71). 

Bogduk (72) reports no scientific data to sustain the belief 
that muscles may be a source of chronic pain. 

Nucleus Pulposus Produces 
Inflammatory Chemicals 

Based on the findings of clinical, histologic, biochemical, and 
neurophysiologic studies, the nucleus pulposus appears to 
contain a chemical or chemicals that are inflammatory, neu- 
rodegenerative, and, in the acute stage, neuroexcitatory. The 
causative agents may include hydrogen ions, phospholipase A 2 
(PLA 2 ), immunoglobulin G, or stromelysis. These chemicals 
may play a role in both disc pain and increased sensitivity of in¬ 
flamed nerve roots (70). 

Human discs have been demonstrated to contain high levels 
of PLA 2 , which theoretically has an inflammatory potential. 
Herniated lumbar discs have a higher level of PLA 2 than donor- 
mal discs (73). 

ANULUS FIBROSUS IS THE MOST 
PAIN-SENSITIVE STRUCTURE IN 
THE LUMBAR SPINE 

Kuslich et al. (74) studied the pain distribution and pain inten¬ 
sity patterns of lumbar structures (facet joint, disc, ligamentum 
flavum, muscle, scar tissue, nerve roots, and cartilage) of pro¬ 
gressively anesthetized patients. The following important find¬ 
ings emerged from this study: 
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1. The outer anulus librosus of the intervertebral disc is the 
tissue of origin in most cases of low back pain. The pain 
produced was most similar to the preoperative pain of the 
patients. Application of local anesthetic to the disc oblit¬ 
erated the pain. Referral of pain depended on the exact 
site of the anulus being stimulated. The central anulus and 
posterior longitudinal ligament produced central back 
pain when stimulated. Stimulation to the left or right of 
center of the posterior longitudinal ligament directed pain 
to the side of the back being stimulated. This finding is felt 
to correlate with back pain on the side of disc “bulge.” 

2. The facet synovium was never sensitive. 

3. The facet articular cartilage was never tender. 

4. The facet joint capsule was sometimes tender; however, 
when it was, it referred pain to the back or, very rarely, 
to the buttock, and never to the leg. 

5. Kuslich et al. also suggest that the facet contact with the 
posterior disc in cases with a trefoil-shaped vertebral canal 
could cause low back pain that has been called “facet syn¬ 
drome.” 

6. The vertebral end plate caused deep, rather severe low 
back pain when compressed. 

7. Buttock pain was found when the outer anulus and nerve 
root were irritated. Other tissues rarely produced buttock 
pain when irritated. 

8. Normal nerve roots were completely insensitive to pain. 

9. Muscles never produced pain under gentle pressure, 
whereas localized forceful stretching at the base of a mus¬ 
cle, especially at the site of blood vessels or nerves, or at 
its attachment to bone usually produced a localized low 
back pain. The pain was felt to arise from local vessels and 
nerves rather than from muscle bundles. 

10. Lumbar fascia irritation at the supraspinous ligament pro¬ 
duced low back pain. 

11. Sciatica could be produced only by stimulation of a 
swollen, stretched, or compressed nerve root. 

12. The surface of bone, even at the level of the periosteum, 
was insensitive. The spinous processes, laminae, and facet 
bone could be removed with a rongeur without anesthetic. 

1 3. Scar tissue was never tender. It acts to fix the nerve root 
in one position, thus increasing the susceptibility of the 
nerve root to tension and compression. 

The anulusjihrosus of the disc was the most pain sensitive tissue pro¬ 
ducing low hack pain. Muscle, fascia, and hone were not found to he 
sensitive (74) (Fig. 2.13). 

Porter (75) states the most common cause of low back pain 
of mechanical origin with or without referred pain is an acute 
disc protrusion. This may present as low back pain with or 
without lower extremity pain. The pain is caused by stretching 
of the peripheral discal anular libers, which are pain sensitive. 
The shape and size of the vertebral canal will determine the 
severity and type of symptoms emanating from disc protrusion. 
Persons with patent and wider canals will be less susceptible to 
nerve root compression than patients with tighter stenotic 
canals (Fig. 2.14). 


Chemical Sensitization May Cause 
Painful Disc 

It may be that various neurochemical changes within the inter¬ 
vertebral discs are expressed by sensitized (injured) anular no¬ 
ciceptors, and in part modulated by the dorsal root ganglion. 
Therefore the concomitant pain sometimes associated with an 
abnormal discogram image may in part be related to the chem¬ 
ical environment within the intervertebral disc and the sensi¬ 
tized state of its anular nociceptors (76). It therefore appears 
that neuropeptides may mediate or influence certain stages of 
joint inflammation, although it is not known which neuropep¬ 
tides are most important in this respect. 

Nociceptors are the peripheral terminal endings of sensory 
neurons that are selectively responsive to potentially or overtly 
injurious stimuli that cause pain in humans. They play three im¬ 
portant roles in the process of inflammation: (a) By evoking 
pain, they signal the presence of noxious physical or algesic 
chemicals; the latter, when endogenous, are inflammatory me¬ 
diators originating from non-ncural tissues (e.g., mast cells and 
blood vessels) and from peripheral endings of certain sensory 
afferent nerve fibers, (h) Some nociceptors become sensitized; 
that is, they develop a lowered response threshold and en¬ 
hanced response to suprathreshold stimuli after exposure to 
noxious physical stimuli or inflammatory mediators. 

It is probable that nociceptors responding directly to algesic 
stimuli serve as effectors and can release peptides and other 
neuromodulators that increase the excitability of neighboring 
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Figure 2.13. Different structures of the spine will produce pain when 
stimulated intraoperativclv. (Reprinted with permission from Ole- 
marker K, Hasue M. Classification and pathophysiology of 
syndromes. In: Weinstein JN, Rvdcvik BL, Sonntag VKIl, eds. Essentials 
of the Spine. New York: Raven Press, 1995:1 1 25.) 
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Figure 2.14. Diagram showing how a disc protrusion will have differ¬ 
ent ef fects depending on the size and shape of the vertebral canal. A pro¬ 
trusion will not significant!v compromise a nerve root in a large triangu¬ 
lar canal (top), nor in a lightly trefoil canal (middle). However, a similar 
disc protrusion into a small, markedly trefoil-shaped canal will signifi- 
cantly compress the nerve root in the lateral recess (bottom). (Reprinted 
with permission from Porter RW. Pathology of spinal disorders. In: 
Weinstein JN, Rydevik BL, Sonntag VKH, eds. Essentials of the Spine. 
New York: Raven Press, 1995:29—54.) 

nociceptors, modulate the inflammatory process, and promote 
tissue repair (76). 

Low Back Pain and Radiculopathy Can Arise from 
within the Disc 

In some patients with low back pain and unilateral or bilateral 
radiation to the lower extremities, the pain arises from within 
the disc (77). The pain-sensitive structures responsible for the 
radiating pain to the lower extremity are located somewhere 
inside the disc, probably in the external part of the anulus H - 
brosus and in the longitudinal ligaments. 

A patient’s painful symptoms can be reproduced with a 
discographic injection of contrast medium into the disc demon¬ 
strating an anular tear, and then the symptoms can be relieved 
by injecting a local anesthetic. This anesthetic does not need to 
extend beyond the disc margins to relieve low back or leg pain, 
thus supporting the existence of discogenic pain. This leads to 
the conclusion that a simple disc rupture, without direct nerve 


root compression by disc material, can account for low back 
pain with radiating pain to the leg. 

The fact that these discs are generally labeled “degenerated 
bulging discs” misleads the doctor and the patient to think that 
the cause of the symptoms has not been identified (77). 

The intervertebral disc can be a source of pain without rup¬ 
ture or herniation. Structurally and mechanically, the anulus fi- 
brosus resembles a ligament. As with other ligaments, it is 
innervated (at least in its outer third or outer half) and suscep¬ 
tible to mechanical injury; therefore, as with other ligaments, 
it s capable of being a source of pain if injured (78). 

What is tantalizingly seductive about these deductions is that 
they describe what resembles so many presentations of back 
pain that are interpreted as back strain, ligament strain, or me¬ 
chanical low back pain; and indeed, the “ligament” in question 
is the anulus fibrosus, which when strained, is indeed the 
causative lesion. What has escaped attention to date is the lo¬ 
cation of the lesion—not in the “disc” as such, but specifically 
in the anulus hbrosus (78). 

Internal disc disruption can be symptomatic in its earlier 
stages before disc herniation occurs. If the degradation process 
of the nucleus reaches the outer third of the anulus hbrosus it 
can directly affect the nerve endings therein, which provides a 
mechanism for chemical pain in internal disc disruption. Alter¬ 
natively, if the anulus hbrosus is affected by internal disc dis¬ 
ruption, some of its collagen hbers may be disrupted, leaving 
fewer intact hbers to bear the stresses imposed on the anulus 
by normal movements. Reduced in number, these intact hbers 
must nonetheless bear a normal load; therefore, the strain they 
experience must be greater than normal, and it may exceed the 
threshold for nociception. This provides a basis for mechanical 
pain in internal disc disruption. Moreover, it is feasible that 
both chemical and mechanical mechanisms may operate con¬ 
currently, with the chemical mechanism producing a constant 
background of dull pain (like that of a sterile abscess) with bouts 
of mechanical pain superimposed whenever the anulus fibrosus 
is stressed by movements or compression (analogous to the in¬ 
crease in pain when an abscess is palpated) (78). 

Muscle Strain Is Really Disc Disruption 

Most chronic muscle strains are actually the result of degener¬ 
ative or herniated discs (79). There is no such thing as chronic 
muscle strain; most are actually degenerative or herniated discs 
causing secondary muscle spasm (80). 

Anulus Fibrosus Tears May Cause 
Discogenic Low Back Pain 

Osti et al. (81) found peripheral anular tears more frequently 
in the anulus except at the L5—S1 level. Circumferential tears 
were equally distributed between the anterior and the poste¬ 
rior anulus. Almost all radiating tears were in the posterior an¬ 
ulus, and they were closely related to the presence of severe 
nuclear degeneration. Peripheral tears are caused by trauma 
rather than by biochemical degradation; they develop indepen- 
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dently of nuclear degeneration and are responsible for disco- 
genic low back pain. McNally et al. (82) found discogenic pain 
is caused by anomalous loading of the posterolateral anulus or 
nucleus pulposus. 

Maezawa and Muro (83) found herniated nuclear material 
to produce high pain provocation on discography. Yussen and 
Swartz (84) stated that herniated nucleus pulposus may pro¬ 
duce vague low back pain without radiculopathy. 

Sustained Loading Transfers Creep Load from Nucleus 
to Anulus 

The central region of the disc acts as a hydrostatic “cushion” be¬ 
tween adjacent vertebrae with creep reducing the hydrostatic 
pressure in the nucleus pulposus by 1 3 to 36%. The water loss 
from the nucleus transfers the load from the nucleus to the an¬ 
ulus. Such stress concentration may lead to pain, structural dis¬ 
ruption, and alterations in chondrocyte metabolism (85). 

Stress distributions within the disc show that the highest in- 
tradiscal stress is in the inner and middle anulus hbrosus, not 
the nucleus pulposus. As the disc is probably the most common 
source of chronic low back pain, stimulation of the anulus by 
posterior herniation of nuclear material or internal disruption 
of innervated tissues is the possible source of the pain (86). 

Anulus Fibrosus Has Nociceptors 
and Proprioceptors 

Afferent and efferent nerve fibers exist within the outer anulus 
fibrosus. Two types of terminal structures are associated with 
af ferent nerves in the intervertebral disc: the complex, proba¬ 
bly proprioceptive; and the free nerve endings, probably noci¬ 
ceptive. The form of nociception is probably not mechanical or 
thermal, but instead chemical, the stimulus originating in the 
environment of the inner IVD. It is suggested that the role for 
the free nerve endings is related to vascular changes and to the 
introduction of the immune system into the outer anulus fi¬ 
brosus. Healthy motion of the intervertebral joint is seen as a 
method of maintaining the nutritive supply to the outer ele¬ 
ments, preventing disruption of diffusion through the IVD, 
which would otherwise lead to local waste product buildup 
with its obvious consequences (87, 88). 

Coppes et al. (89) found nerve endings in abnormal discs that 
penetrated the anulus to reach the nucleus pulposus. 

Autonomic and Spinal Nerve Innervation to the Disc 

Anterior disc extrusions (Fig. 2.15) are reported to cause dys¬ 
function of the autonomic nervous system, resulting in pain re¬ 
ferral into Head’s zones and into the flank, groin, buttock, and 
thigh. Twenty-nine percent of peripheral disc protrusions were 
anterior and 56% were posterior (Fig. 2.16) (90). The verte¬ 
brogenic symptom complex of disc irritation includes: 

1. Local and ref erred pain 

2. Autonomic reflex dysf unction within the lumbosacral zones 
of Head 



Figure 2.15. Radiograph showing anterior and posterior disc protru¬ 
sion ( arrows ) as a cause of the vertebrogenic symptom complex of pain. 



Figure 2.16. Radiograph showing the posterior central disc herniation 
(arrow) that causes the vertebrogenic symptom complex discussed in the 
text. 

Disc-generated pain arises with af ferent sensory fibers from 
two primary sources (90): 

1 . Posterolateral neural branches emanating from the central 
ramus of the somatic spinal root 
2. Neural rami projecting directly to the paravertebral auto¬ 
nomic neural plexus 

Thus, conscious perception and unconscious effects originat¬ 
ing in the vertebral column, although complex, have definite 
pathways represented in this dual peripheral innervation associ¬ 
ated with intimately related and/or parallel central ramifica¬ 
tions. It is f urther proposed that the specific clinical manifesta¬ 
tions of the autonomic syndrome are mediated predominantly, 
if not entirely, within the sympathetic nervous system (90). 

Rat studies have shown autonomic nerves in the lumbar spine 
in the bone and periosteum of the vertebral body, disc, dura 
mater, and in the spinal ligaments. Human studies on “disc pain” 
have shown substance P and calcitonin gene-related peptide 
within the nerve fibers of the peripheral anulus fibrosus (91). 

Sensory innervation of the rat disc has both myelinated and 
unmyelinated components, the latter being more extensive. 
Both types of innervation appear to be restricted to the outer¬ 
most rings of the anulus fibrosus (92). 
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Pain Receptors in Anterior Disc and Ligament 

Mechanoreceptors are found in the outer two to three lamel¬ 
lae of the human intervertebral discs and anterior longitudinal 
ligaments in 50% of discs and 1 5% of scoliosis patients with low 
back pain. The receptors resemble Pacinian corpuscles, RufHni 
endings, and most frequently, Golgi’s tendon organs. These 
provide the individual with sensation of posture and move¬ 
ment, and, in the case of Golgi tendon organs, of nociception. 
In addition to providing proprioception, mechanoreceptors are 
thought to have roles in maintaining muscle tone and reflexes. 
A greater incidence of mechanoreceptors was found in patients 
with low back pain compared with those in pain-free patients 
with scoliosis (93). 

Posterior Longitudinal Ligament Causalgia 

The lumbar posterior longitudinal ligament is dually innervated 
by tw o distinctive systems of nociceptive fibers. One of the sys¬ 
tems is polysegmental sympathetic innervation, which under 
longstanding irritation becomes chronic and resistant to con¬ 
ventional treatment. This pain is called “causalgia of the spine” 
and it may be a clinical feature of chronic low' back pain syn¬ 
drome. The other is unisegmentally innervated and not associ¬ 
ated with autonomic fibers (94). In causalgia, a severe painful 
condition of the locomotor system, relief can be obtained by 
regional block with guanethidine, which causes inhibition of 
postganglionic sympathetic efferents (91). 

Supraspinous Ligament and Thoracolumbar Fascia 
Show Innervation 

Bundles of nerve fibers are found in all ligaments except those 
from the ligamentum flavum. The supraspinous ligament and 
lumbodorsal fascia show' individual axons and free nerve end¬ 
ings (95). The thoracolumbar fascia is found to contain free 
nerve endings and two types of encapsulated mechanorecep¬ 
tors (Ruffini’s and Vater-Pacini corpuscles). The presence of 
these nerve endings supports the hypothesis that the thora¬ 
columbar fascia may play a neurosensory role in the lumbar 
spine pain mechanism (96). 

Disc Nerve Supply Interruption Relieves 
Back Pain in Failed Back Surgical Cases 

Fifty percent of patients whose back surgery failed received 
pain relief w ith radiofrequency cutting of the gray rami com- 
municantes to interrupt the af ferent conducting fibers from the 
anterolateral and anterior parts of the anulus fibrosus (97). 
Adams and Hutton (98) find that flexion improves the transport 
of metabolites into the intervertebral discs. 

Comparison of Results of Disc and Facet 
Joint Injection on Pain Origin 

Mooney and Robertson (99) reported on the relief obtained by 
facet joint injection in 100 patients w ith low' back pain due to 
facet syndrome and stated that 20 patients remained asympto¬ 


matic at 6 months follow-up. Sixty-two patients had some type 
of relief , w hereas 38 did not. Of the 62 receiving some relief , 
only 20 had complete relief at 6 months and 32 had partial re¬ 
lief. That means that one fifth of the 100 patients had complete 
relief and one third had partial relief , showing a total of half 
w ho had some relief at 6 months of treatment. 

Difference of opinion exists over the benefit of facet injection 
relief . Jackson et al. (1 00) found that 390 patients w ith low'back 
pain, normal neurologic examinations, and no root tension 
signs, underwent facet joint arthrograms and intra-articular 
injection of local anesthetic and cortisone. Initial mean pain re¬ 
lief w as seen in only 29% of the cases. It w as concluded that the 
facet joints were not commonly the single or primary source 
for low' back pain in most (90%) of the 390 patients studied. 
The facet joints were not commonly the single or primary 
source of low back pain in most of the patients studied. 
Murtagh (101) stated facet injection (with lidocaine and be¬ 
tamethasone) was a diagnostic rather than a therapeutic 
maneuver. He found that 54% of 100 patients with posterior 
compartment lumbar spinal axis pain syndromes and focal ten¬ 
derness received relief at the end of 3 months. Moran et al. 
(1 02) injected the facets of 54 patients for a total of 143 facets 
so treated. Only 9 (1 6.7%) diagnosed as facet joint causing the 
pain gained relief of the pain. It w as show n that extravasation 
into the epidural space occurs following rupture of the joint 
capsule of the facet, w hich explains w hy good therapeutic re¬ 
sults can be obtained if large amounts of the therapeutic agent 
are used. 

Lewinnek and Warfield (103) injected the facets of 21 pa¬ 
tients with low back pain and found 75% to have an initial re¬ 
sponse, but only 6 (33%) had relief at 3 months. Repeat injec¬ 
tion only afforded temporary relief . 

Disc or Facet As the Cause of Back Pain 

Vernon-Roberts and Pirie (62) found a direct relationship be¬ 
tween the degree of disc degeneration, marginal osteophyte 
formation on vertebral bodies, and apophyseal joint changes, 
w hich suggests that disc degeneration is the primary event lead¬ 
ing to the clinical condition of degenerative spondylosis. They 
also found evidence that enables them to speculate on the role 
of prolapse in disc degeneration and in the genesis of os¬ 
teoarthrosis of the apophyseal joints. 

Nachemson (5) found that arthrosis of the articular facets 
was always secondary to disc degeneration. Thus, it is strongly 
implied that internal derangement of the intervertebral disc, 
namely, the nucleus pulposus, begins the aberrant mobility of 
the lumbar spine. The degenerative changes occurring there¬ 
after in the disc spread posteriorly into the arch of the vertebra. 
We know' that both the disc and the facet are pain-producing 
entities and that specific attention must be given to both of 
these structures in the treatment of low' back pain. Further¬ 
more, it also seems most likely that a combination of surgery 
and manipulation may be the answer for many people (i.e., 
surgery for the disc prolapse and manipulation for the altered 
motoricity of the articular facet. 
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The effects of rotation have been well summarized by Eagle 
(104), who states that the main cause of severe long-lasting 
back pain is the damaged intervertebral disc, and once a disc is 
damaged there is nothing a surgeon can do to repair it. Nor can 
discs repair themselves. Therefore, if we are to prevent back 
pain, it would be useful to know how much stress the disc fibers 
can withstand before they give way. 

Eagle (104) quotes the work of Hickey and Hukins (105) of 
Manchester University, who find that the most hazardous ma¬ 
neuvers to the low back are bending and twisting. They won 
the 1979 Volvo Bioengineering Award for their work proving 
that anular failure and tearing are caused by torsion and for¬ 
ward bending, causing nuclear protrusion and low back pain. 
They found that the maximal rotation that will not damage the 
anular libers at L5—SI is 3°. 

Miller (106) states that during the lifting of 200 pounds, the 
disc carries an average of 91 % of the load and the facet joint car¬ 
ries no more than 1 2%. Low facet joints put more weight on the 
disc than do high facet joints. The facets carry very little weight on 
compression hut accept large loads on bending. The amount ol load on 
the facets is 50% on flexion and extension and 30% on torsion. 

An in vitro experimental study was carried out to measure 
the induced loading on human lumbar facets with varying 
amounts of compressive axial load (107). Testing was done on 
the L2—L3 and L4—L5 spinal motion segments obtained from 
cadavers at autopsy. The compressive loading was applied with 
the spinal specimens first in a neutral position and then in an ex¬ 
tended position. In particular, this study demonstrated that the 
absolute facet loads remain relatively constant with increasing 
segmental compressive loads such that the facet load expressed 
as a percentage of the load applied to the segment decreases 
with increasing axial loads. It also demonstrated that with in¬ 
creasing loads in extension the contact area moves cranially at 
L2—L3 and caudally at L4—L5. Furthermore, it indicated that 
after a facetectomy the load on the remaining facet is reduced 
substantially, although peak pressure increases. Finally, this 
study demonstrated that a substantial difference in facet load¬ 
ings is found between the L2—L3 and the L4—L5 segments. 

A comparison of segments at L2—L3 and L4-L5 at dif ferent 
axial loads in die neutral position shows that the facets at L2—L3 
generally take more load than those at L4— L5. The same trend is 
also observed during extension. Furthermore, the normal load 
on the facets is always greater in extension than in the neutral po¬ 
sition. This holds true for both the L2—L3 and L4—L5 levels. 
Observations based on these data indicate: 

1. The average peak pressure for all axial compressive loads is 
higher in extension than in the neutral position at both the 
L2—L3 and the L4—L5 levels. 

2. The peak pressure is generally higher at the L2—L3 level than 
at the L4-L5 level in both the neutral and the extended po¬ 
sitions. 

Facet pressure rather than the facet load, therefore, may be 
playing a significant role in the degenerative changes of facets. 
Contrary to expectations, a unilateral facetectomy causes a 


significant reduction in the load borne by the remaining facet in 
both the neutral and the extended positions. This may be ex¬ 
plained by the fact that because the facet load on the left side is 
eliminated by perf orming a unilateral facetectomy, equilibrium 
is substantially altered. The superior vertebral body is now free 
to drift away from the inferior body, thus reducing positive 
contact at the remaining facets. This phenomenon again rein¬ 
forces the above observation that pressure rather than load is 
the precipitating factor in facet degeneration. A second unex¬ 
pected phenomenon observed in this study is that in many cases 
the contact decreases with increasing loads (107). 

Vulnerability of Nerve Roots to Compression Defects 

The dorsal nerve roots have a larger diameter than the ventral 
nerve roots, which some feel may explain the greater suscepti¬ 
bility of the sensory axons to compressive forces. The SI nerve 
roots are approximately 170 mm long, whereas the LI nerve 
roots are 60 mm long. The nerve roots as well as the spinal 
nerves are composed of axons that have arisen within the sub¬ 
stance of the spinal cord and course to their final destination in 
the periphery. These axons may exceed 1 00 cm in length (108). 

Spinal nerve roots lack the connective tissue protection that 
sheaths peripheral nerves. This sheathing has considerable me¬ 
chanical strength and possesses properties to form a barrier to 
diffusion of certain molecules. The spinal nerve roots, there¬ 
fore, are at a disadvantage mechanically and, possibly, bio¬ 
chemically. The nerve roots are surrounded by cerebrospinal 
fluid, however, and this, together with the dura, does give the 
spinal nerve roots an element of mechanical protection. The 
dura of a spinal nerve root appears to be continuous with the 
epineurium of the peripheral nerve. 

It must be kept in mind that the nerve root complex must 
be extraordinarily mobile. Nerve roots must change length de¬ 
pending on the degree of flexion, extension, lateral bending, 
and rotation of the lumbar spine. Lumbar nerve roots limited 
in motion by fibrosis of either intraspinal or extraspinal origin 
will create traction on the nerve root complex, causing is¬ 
chemia and secondary neural dysfunction. This fact must also 
be kept in mind during the rehabilitation process. Flexibility 
exercises must be designed to maintain nerve root mobility. 

Intraneural blood flow is markedly affected when the nerve 
is stretched about 8% over the original length. Complete ces¬ 
sation of all intraneural blood flow is seen at 1 5% elongation. 

The dorsal root ganglion, because of its fibrous capsule as well 
as its rich vascular supply, may, indeed, be more susceptible to 
changes in intraneural blood flow as well as to the development 
of secondary intraneural edema with consequent fibrotic change. 
This may explain sensory symptoms even in the absence of evi¬ 
dence of sensory loss on gross neurologic examination (108). 

Weightbearing Stresses on the Disc 
and Facet 

Changes in body height have been used as a measure of sum¬ 
marizing disc compression caused by creep. Under controlled 
circumstances, changes in body height can be used as a measure 
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of the load on the spine. This can be of great value in ergonomic 
evaluations of workplaces, equipment, and tasks. However, 
the many factors that influence the shrinkage as a response to a 
certain load have to be controlled. The duration of the load is 
one obvious example. Also, age and individual factors, time of 
day, hours of sleep, arising time, and previous loads are other 
influences. An interesting fact is that the spine recovers quickly 
when it is unloaded (109). 

The in vitro static load displacement characteristics of the 
intact and injured human lumbar intervertebral joint have been 
investigated in a loading apparatus that allows entirely uncon¬ 
strained relative motion between the joint members. The spa¬ 
tial relative displacement produced by a given load, with and 
without preloads, was measured. The significant observations 
are summarized as follows (1 10): 

1. Joint flexibilities measured by raising the initial intradiscal 
pressure show diat (a) for force loads, the joint is most flexible 
in anterior shear and least flexible in axial compression; the 
flexibility in anterior shear is an order of magnitude greater 
than in compression. The flexibilities in posterior shear and lat¬ 
eral bending are one half and one third of that in anterior shear, 
respectively, (h) For torque loads, the joint is most flexible in 
flexion. The flexibility in extension is about 60% of that in flex¬ 
ion, whereas in lateral bending it is approximately an average 
of those in flexion and extension. The joint is least flexible in 
axial torque; flexibility is less than 30% of that in flexion. 

2. The load displacement results of the two sequential section¬ 
ing scries of experiments show that: (a) In the load range 
considered in the experiment, the disc is by far the major 
load-bearing clement in lateral and anterior shears, axial 
compression, and flexion. In lateral shear and axial com¬ 
pression, at higher displacements, the facets can transmit 
part of the load through the joint. Also, with increased dis¬ 
placement, the facet capsules (in anterior shear) and the 
facet capsules and the posterior ligaments (in flexion) are 
likely to be important. ( b ) The facets play a major load-bear¬ 
ing role in posterior shear and axial torque (1 10). 

Facet Stiffness Under Loading 

Three-dimensional load deformation data were obtained for in¬ 
tact posterior elements and isolated facet joint capsules of five 
lumbar motion segments. Considerable variability was ob¬ 
served among specimens. 

Load deformation data showed that, in response to 30.2 N 
loads applied in anterior, posterior, or lateral shear, or in ten¬ 
sion or compression, the mean displacements of the inferior 
facet joint centers of the superior vertebral body ranged from 
0.5 to 1.8 mm (111). 

Disc Versus Facet 
Weightbearing Proportion 

Results of a study (1 1 2) of six lumbar segments revealed that the 
normal facets carried 3 to 25% of the weightbearing load. If the 
facet joint was arthritic, the load could be as high as 47%. The 


transmission of compressive facet load occurs through contact of 
the tip of the inferior facet with the pars of the vertebra below. 
The data also show that an overloaded facet joint will cause rear¬ 
ward rotation of the inf erior facet, resulting in the stretching of 
the joint capsule. The finite element model predicted an increase 
in facet load caused by a decrease in disc height. The following 
hypothesis is proposed: Excessive facet loads stretch the joint 
capsule, and they can be a cause for low back pain (112). 

The disc carries an average of 91% of the load in lifting 200 
pounds, and the facet joint carries no more than 12%. Low facet 
joints put more weight on the disc, whereas high facet joints 
put less weight on the disc. The facets carry little weight in com¬ 
pression hut accept great amounts in bending (106). 

Articular Facets Carry More Weight Than Knee Joints 

The pedicle-facet complex normally carries only 20% of the 
vertical pressure applied at the interspace (113). This consti¬ 
tutes ten times the weight per square inch applied to the knee 
joints (1 14). As the disc loses turgor and resilience, it also loses 
its ability to resist compressive forces and to maintain normal 
intervertebral separation and alignment. This throws an addi¬ 
tional burden on the facet articulations and may accelerate the 
changes of degerterative arthrosis (115). 

A comparison of segments L2—L3 and L4-L5 at different ax¬ 
ial loads in neutral mode shows that the facets at L2—L3 gener¬ 
ally take more load than those at L4-L5. The same trend is also 
observed for the extension mode at both the L2—L3 and L4-L5 
levels. Furthermore, in extension the normal load at the facets 
is always higher than in the neutral mode. This holds for both 
the L2—L3 and LA— L5 levels. This indicates that facet pressure 
rather than the facet load may be playing a significant role in the 
degenerative changes of f acets (107). 

Effect of Degenerative Disc Disease 
on Weightbearing 

The intervertebral disc is of major importance in painf ul condi¬ 
tions of the spine. An injury to the disc can affect overall spinal 
mechanics—both the behavior of the disc itself and that of other 
spinal structures. For example, injury can lead to altered shar¬ 
ing of the load between the disc and the apophyseal joints. 

The two load-bearing components of the disc are (a) the 
nucleus, in the central region, which is surrounded by (h) the 
anulus hbrosus, consisting of fibrous tissue in concentric lam¬ 
inated bands. The nucleus is generally under compressive 
stress, whereas the anular layers, especially the outer layers, 
carry tensile stresses. The stresses in the two components bal¬ 
ance each other as well as the load carried by the disc. A dis¬ 
turbance in any one component of the disc (c.g., a decrease in 
the water content of the nucleus or an injury to the anulus) may 
be thought to af f ect the mechanical behavior of the other com¬ 
ponent as well as that of the disc as a whole (116). 

The stages of injury to the functional spinal unit (FSLI) are: 

1. Asymmetric disc injury at one FSLI. 

2. Disturbed kinematics of FSLIs above and below injury. 
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3. Asymmetric movements at the facet joints. 

4. Unequal sharing of facet loads. 

5. High load on one facet joint. 

6. Cartilage degeneration, and/or facet atrophy and narrowing 
of the intervertebral foramen (1 16). 

Stages of Disc Prolapse 

Fifty-two cadaveric lumbar motion segments were subjected to 
fatigue loading in compression and bending to determine if the 
intervertebral discs could prolapse in a gradual manner (Fig. 
2.17). Prior to testing, the nucleus pulposus of each disc was 
stained with a small quantity of blue dye and radiopaque solu¬ 
tion. This enabled the progress of any gradual prolapse to be 
monitored by direct observation and by discogram. Six discs 


SELF-SELECTION 
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Figure 2.17. The Hvc stages of gradual disc prolapse. (Reprinted with 
permission from Adams MA, Plutton WC. Gradual disc prolapse. Spine 
1985; 10(6): 5 30.) 
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developed a gradual prolapse during the testing period. The in¬ 
jury starts with the lamellae of the anulus being distorted to 
form radial fissures; then, nuclear pulp extrudes from the disc 
and leaks into the spinal canal. The discs most commonly af¬ 
fected were from the lower lumbar spine of young cadavers. 
Tests on 10 older discs with pre-existing ruptures showed that 
these discs were stable and did not leak nuclear pulp (117). 

Cadaveric lumbar spine specimens of “motion segments,” 
each including two vertebrae and the linking disc and facet 
joints, were compressed. The pressure across the facet joints 
was measured using interposed pressure-recording paper. This 
was repeated for 12 pairs of facet joints at four angles of pos¬ 
ture and with three different disc heights. The results showed 
that pressure between the facets increased significantly with 
narrowing of the disc space and with increasing angles of ex¬ 
tension (Table 2.1). Extra-articular impingement was found to 
be caused, or worsened, by disc space narrowing. Increased 
pressure or impingement may be a source of pain in patients 
with reduced disc spaces (1 18). 

Nerve Root Compression Changes in 
Disc Degeneration 

An instrumented probe mounted on the anterior surface of the 
lumbar spine over an excised lumbar intervertebral disc was 
used to simulate a disc protrusion in 1 2 fresh cadavers. The 
contact force between probe and nerve root was measured as a 
function of two independent variables: probe protrusion depth 
and disc space height. 

The force produced by the probe on the nerve root pro¬ 
gressively increased as the probe was advanced against the 
nerve root because of the tension produced in the nerve root. 
The anatomic fixation of the nerve root within the neural canal, 
both proximal and distal to the intervertebral disc, appears to 
play an important role in this regard. 

Narrowing the disc space significantly decreased the force 
on the nerve root for a given probe protrusion (119). 


Pain Production in the Facet with 
Disc Degeneration 

Disc space narrowing causes a marked increase in peak pressure 
between opposed facets in the zygapophysial joints. An associ- 
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ation is known to exist between osteoarthrosis of the zy- 
gapophysial joints and osteophytic lipping of vertebral bodies. 
However, osteoarthrosis of the zygapophysial joints need not 
always occur at the same level as intervertebral disc degenera¬ 
tion (120). Harrison et al. (121) found vascular profusion ac¬ 
companying degenerative changes in the hip joint. According 
to Arnoldi (1 22), intraosseous hypertension may be a factor of 
importance in the pathomechanics of certain types of low back 
pain, and it is well known that pain of vascular origin is a rec¬ 
ognized clinical phenomenon. Giles and Taylor’s (123) study 
describes vascularization of a zygapophysial articular cartilage 
in minor osteoarthrosis (Figs. 2.18 and 2.19). This vasculariza¬ 
tion presupposes innervations of these blood vessels by vaso¬ 
motor nerves. 

A survey of the literature concerning zygapophysial joint 
osteoarthrosis of the lumbar spine has not revealed a descrip¬ 
tion of an extensive vascular supply to cartilage showing mi¬ 
nor osteoarthrosis, as has been demonstrated in Giles and 
Taylor’s study. The vascular supply shown in their study 
may well be indicative of an attempt at cartilage repair, and 
this repair need not be limited to the periphery of the joint. 
Vascularization may indicate that low back pain of vascular 


origin could be experienced by patients with minor os¬ 
teoarthrosis (12 3). 

Degenerative Changes of Vertebral Plates 

Degenerative change at the end plate of the discovertcbral joint 
was studied in the elderly adult by correlating the histologic and 
radiographic findings. Undecalcified ground sections were made 
from 2 1 autopsied lumbar spines that demonstrated no evidence 
of disease except age-related osteoporosis. Histologic examina¬ 
tion (Figs. 2.20—2.24) showed that the cartilaginous end plates 
were degenerated to various extent and were replaced by sub¬ 
chondral bone proliferation (endochondral bone formation) in 
the direction of the joint space. In advanced cases, this histologic 
finding was reflected in radiographs as a subchondral sclerotic 
zone protruding toward the disc space. The degree of end plate 
change was positively correlated with disc space narrowing and 
the vacuum phenomenon (degeneration of the nucleus pulpo- 
sus), but not with osteoporosis and vertebral compression. 
Anatomically and functionally, this may be the most common 
form of degeneration at the discovertebral joint end plate. Fur¬ 
ther study is necessary to clarify the process (1 24). 



Figure 2.18. A sagittally cut histologic section from the medial one third of the right zygapophysial joint 
of a cadaver. Note the blood vessel extending from the subchondral hone of the superior articular process 
of the sacrum into the articular cartilage, which shows minor osteoarthrosis. Note that this sagittal section 
reveals the anatomy of the inferomedial intra-articular synovial inclusion that projects into the wide open¬ 
ing of the inferior joint recess. The intra-articular synovial inclusion is a highly vascular adipose structure 
with a synovial membrane lining. BV, blood vessels; C, capillary—parts A and B; H, hyaline articular car¬ 
tilage; I ASP, intra-articular synovial inclusion; IV D, intervertebral disc at the lumbosacral joint; IVF, inter¬ 
vertebral foramen; LF, ligamentum flavum; LS, inferior articular process of the fifth lumbar vertebra; N, 
nerve; SI, superior articular process of the first sacral segment. (Reprinted with permission from Giles 
LGF, Taylor JR. Osteoarthrosis in human cadaveric lumbosacral zygapophysial joints. J Manipulative Phys¬ 
iol Thcr 1985;8(4):241—242. Copyright 1985, the National College of Chiropractic.) 




Figure2.19. This figure represents magnification of the blood vessel shown in Figure 2.18. C, capillary 
parts A and R. H, hyaline articular cartilage; I ASP, intra-articular synovial protrusion. (Reprinted with per 
mission from Giles LGF, Taylor JR. Osteoarthrosis in human cadaveric lumbo-sacral zygapophysial joints 
J Manipulative Physiol Ther 198 5;8(4):241—242. Copyright 1985, National College of Chiropractic.) 


Figure 2.20. Inferior surface of L3 in a 75-year-old man. A. Histologic section (undecalcified, Villa 
ncuvabone staining, original magnification X 10). Cartilaginous end plate is sufficiently retained (open ar 
rows). Note small protrusion of subchondral hone ( arrowhead ). B. Low-kilovoltage contact radiograph. C 
Clinical radiograph. Appearance of the hone end plate (thin arrows) and epiphyseal ring (thick arrows) is al 
most normal. (Reprinted with permission from Aoki J, et al. End plate of the discovertebral joint: degen 
erative change in the elderly adult. Radiology 1987; 164(2):41 2.) 


Figure 2.21. Superior surface of L4 in an 8 2-year-old man. A and B. Small projections of subchondral 
bone into the cartilaginous end plate can be observed (arrows). C. Radiograph shows completely normal ap¬ 
pearance of the end plate. (Reprinted with permission from Aoki J, et al. End plate of the discovertebral 
joint: degenerative change in the elderly adult. Radiology 1 987; 164(2):41 2.) 
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Figure 2.22. Interior surface of L4 in a 72-year-old woman. A. Cartilaginous end plate is replaced by 
subchondral bone proliferation. Border between the cartilaginous end plate and fibrous cartilage is flat, 
whereas the cartilage-bone border is undulatory. B. Newly formed subchondral bone makes a thin scle¬ 
rotic /one. C. Radiograph fails to reflect the histologic finding, because the direction of the x-ray beam is 
not appropriate. (Reprinted with permission from Aoki J, Yamamoto I, Kitamura N, et al. End plate of the 
discovertcbral joint: degenerative change in the elderly adult. Radiology 1987; 164(2):41 3.) 



Figure 2.23. Inferior surface of LI in an 8 2-year-old woman. A. Thickness of the cartilaginous end plate 
is markedly reduced. B. Newly formed subchondral trabeculae are fine and intimate, forming a protrusive 
thin sclerotic zone. C. Radiograph reflects the histologic changes well ( arrowheads ). (Reprinted with per¬ 
mission from Aoki J, Yamamoto I, Kitamura N, et al. End plate of the discovertebral joint: degenerative 
change in the elderly adult. Radiology 1987; 1 64(2):41 3.) 



Figure 2.24. Inferior surface of LI in a 75-year-old woman. A. Cartilaginous end plate is completely 
lost, and the surface of subchondral bone is crushed. Small herniated cartilaginous nodes can be observed 
(arrows). B. Texture of end plate zone is different from that of the triangular area of thickened pre-exist¬ 
ing trabeculae. C. Both triangular sclerotic area and protrusive subchondral sclerotic zone can be observed 
on the radiograph. (Reprinted with permission from Aoki J, et al. End plate of the discovertebral joint: de¬ 
generative change in the elderly adult. Radiology 1987; 164(2):413.) 
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Treatment Effects on Disc and 
Facet Articulations 

Epidural Steroid Injection 

Epidural anesthetics and steroids have been widely used for 
more than 20 years in the treatment of low back pain and 
pseudoradicular or radicular pain. 

Seven women and nine men, aged 27 to 59 years (mean, 45 
years) with lumbar pain and sciatica had epidural blocks once 
with 80 mg of methylprednisolone acetate and lidocaine in in¬ 
dividual doses. By means of a visual analogue scale, 1 0 of these 
patients (62%) reported relief of half the pain the following 
day. One month later, only seven patients (43%) reported re¬ 
lief of one third of the pain. Only one patient benefited ulti¬ 
mately (after 6 months). In the remaining patients, pain was 
unaffected by the epidural injection (125). I have found this 
procedure of limited benefit to low back pain patients. 

Posture Effects on Lumbar Spine 

A series of experiments showing how posture affects the lum¬ 
bar spine is reviewed. Postures that flatten (i.e., flex) the lum¬ 
bar spine are compared with those that preserve the lumbar 
lordosis. Flexed postures have several advantages: flexion im¬ 
proves the transport of metabolites in the intervertebral discs, 
reduces the stresses on the apophyseal joints and on the poste¬ 
rior half of the anulus fibrosus, and gives the spine a high com¬ 
pressive strength. Flexion also has disadvantages: it increases 
both the stress on the anterior anulus and the hydrostatic pres¬ 
sure in the nucleus pulposus at low load levels. 

The disadvantages are not of much significance, and con¬ 
clude that it is mechanically and nutritionally advantageous to 
flatten the lumbar spine when sitting and when lifting heavy 
weights (1 26). 

On the basis of posture, humans can be divided into squat¬ 
ters and nonsquatters. A comparative study of the two groups 
is as follows: 

1. On the basis of radiographic studies, the incidence of de¬ 
generative change in the intervertebral disc in primitive 
squatting populations is considerably less than that found in 
civilized peoples. 

2. The suggestion is made that lordosis is implicated in the 
pathogenesis of degeneration, but further studies are re¬ 
quired (1 27). 

Intra-Abdominal Pressure Effects on 
Spinal Unloading 

The ability of a partial or full Valsalva maneuver (voluntary pres¬ 
surization of the intra-abdominal cavity) to unload the spine was 
investigated in four subjects. During the perf ormance of five iso¬ 
metric tasks, intra-abdominal and intradiscal pressures and sur¬ 
face myoelectric activities in three lumbar trunk muscle groups 
were measured. The tasks were carried out first without volun¬ 
tary pressurization of the intra-abdominal cavity and then when 


the subjects performed partial and full Valsalva maneuvers. A 
biomechanical model analysis of each task was made to help in¬ 
terpret the experimental measurements. Intra-abdominal pres¬ 
sure was found not to be an indicator of spine load in these ex¬ 
periments. The Valsalva maneuvers did raise intra-abdominal 
pressure, but in four of the five tasks it increased rather than de¬ 
creased lumbar spine compression (128). 

Apophyseal Joint Resistance 
to Compression 

Cadaveric lumbar intervertebral joints were loaded to simulate 
the erect standing posture (lordosis) and the erect sitting pos¬ 
ture (slightly flexed). The results show that, after the interver¬ 
tebral disc has been reduced in height by a period of sustained 
loading, the apophyseal joints resist about 1 6% of the interver¬ 
tebral compressive forces in the erect standing posture, 
whereas in the erect sitting posture they resist none. The im¬ 
plications of this in relationship to degenerative changes and to 
low backache are discussed below. 

Compression forces of up to 1 1 times the superincumbent 
body weight can be imposed on the lumbar spine by daily ac¬ 
tivities. If the aim is to reduce the compressive forces on the 
disc, some degree of lordosis is needed. This posture, how¬ 
ever, in addition to loading the apophyseal joints, places high 
compressive loads on the posterior anulus, which is the focus 
of degenerative changes. It has indeed been suggested that the 
Western lordotic posture promotes intervertebral disc degen¬ 
eration. Slight flexion, on the other hand, has the advantage of 
relieving both the apophyseal joints and the posterior anulus of 
compressive force (129). 

Routine daily activities seldom impose large loads on the 
spine in shear, bending, or torsion. In bending and torsion, in 
particular, the trunk muscles rather than the motion segments 
usually balance moments. This occurs because few physical ac¬ 
tivities require lumbar motion segments to flex, extend, bend 
laterally, or twist more than a few degrees. Few physical activ¬ 
ities involve significant motions in shear. In response to only 
small motions, the motion segments can develop only small 
moment and shear resistances (1 30). 

Trunk Length in Low Back Pain 

Of 446 pupils aged 1 3 to 17 years, 11 5 were found to have a 
history of back pain. These pupils tended to have decreased 
lower limb joint mobility and increased trunk length compared 
with pupils without back pain. In 77 pupils whose site of back 
pain was identified, 38 had pain associated with the lumbar 
spine. These pupils had an increased trunk length, whereas 
those with thoracolumbar or thoracic pain did not. Back pain 
was more common in those who avoided sports (131). 

Diurnal Stress Variations on Lumbar Spine 

Forward bending movements subject the lumbar spine to 
higher bending stresses in the early morning compared with 
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later in the day. The increase is about 300% for the discs and 
80% for the ligaments of the neural arch. It is concluded that 
lumbar discs and ligaments are at greater risk of injury in the 
early morning (1 32). 

TROPISM 

A variance of opinion is found in the literature on the subject of 
normal facings of the lumbar articular facets. Some investiga¬ 
tors believe that sagittal facings are normal, whereas others be¬ 
lieve that coronal facings are normal. In our clinical study (13 3) 
of patients with vertebral disc lesions, we recorded which facet 
findings were involved at all lumbar levels. We believe that this 
is the first controlled study documented in the chiropractic 
and, perhaps, the medical literature concerning which facet 
facings are involved in lumbar disc lesions. It must be stressed 
that these findings are based on radiographs of patients with disc 
protrusion or prolapse. 

Tropism (from the Greek word trope , a turning) refers to an 
anomaly of articular formation in which the two articular fac- 
ingsarenot the same (i.e., instead of both being sagittal or both 
coronal, each side assumes a different facing), as shown in Fig¬ 
ure 2.25. 

From Tables 2.2 and 2.3, i t can b e inferred that sagittal facet 
facings are typical in the upper lumbar spine, whereas coronal 
facet findings are typical in the lower lumbar spine. In 1 8 of 56 
cases of disc lesion (32%), anomalies of articular tropism were 
present. The most difficult cases to treat were those involving 
the sagittal facet facings at the level of discal protrusion or pro¬ 
lapse, especially when a medial disc was involved. 

The directional plane of articulation of the facets allows for 
specific movement. Sagittal facets flex and extend, whereas 
coronal facets bend laterally. The combining of these two di¬ 


rectional opposing forces places excessive stress on the anular 
fibers of the intervertebral disc, which tear in nuclear protru¬ 
sion. The axis of rotation of a lumbar vertebral unit is between 
the articular facets, with the body rotating forward of this axis 
(1 34). Therefore, the altered motoricity of a sagittal and coro¬ 
nal combination creates stress on both the disc and articular 
facets in all motions of the lumbar spine. 

Facet tropism, theref ore, creates stress on the lumbar spine 
during motion. In this situation, rotation takes on added im¬ 
portance, because it places maximal stress on the anular fibers, 
which must tear for the nucleus pulposus to protrude, creating 
the typical disc syndrome with sciatica. 

According to Farfan et al. (135), the IVD is capable of great 
compressive loads. They also believe that Schmorl and Beadle 
were inaccurate when they stated that the compressive load 
was the mechanical basis of disc degeneration. 

By application of torsional loading to 90 IVD joints (proved 
normal by discogram) from 66 necropsy specimens, 22.6° was 
the amount of rotation needed to cause failure of the normal disc; 
in cases of degenerated disc, the angle of failure was 14. 3°. De¬ 
generated discsshow a consistently smaller torsional angle of fail¬ 
ure. Farfan et al. (135) concluded that the IVD is injured by ro¬ 
tation within a small normal range of movement and that disc 
protrusion is a manifestation of anular tearing by torsional injury. 

According to Cailliet (1 36), 75% of lumbar flexion occurs 
at the lumbosacral articulation. He f urther states that the shear¬ 
ing stress of the fifth lumbar vertebra on the sacrum increases 
proportionately to the anterior angulation of the sacrum. We 
have applied these ideas on stress to our knowledge of the facet 
articular plane and believe that the coronal facet facing at 
L5—S1 allows greater stability than does the sagittal facet facing 
at L5—SI. We believe, therefore, that the following conclu¬ 
sions are justified. 



Figure 2.25. X-ray study reveals tropism of the articular facets, with the right L4-L5 facet facings be¬ 
ing coronal and the left being sagittal. Note that the facet facings at L5—SI are bilaterally coronal. 
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Table 2.2 


Percentage of Facet Facings in 56 Cases of Lumbar Disc Lesion, by Location 
and Position 


L1-L2 



Right 

Left 

Sagittal 

74 

72 

Coronal 

23 

26 

Semisagittal 

3 

2 


L2-L3 L3-L4 


Right 

Left 

Right 

Left 

55 

64 

47 

43 

40 

34 

41 

53 

5 

2 

12 

4 


L4-L5 L5-S1 


Right 

Left 

Right 

Left 

29 

29 

7 

5 

64 

65 

91 

95 

7 

6 

2 



1. Sagittal facet articulation facings are normal for the upper 
lumbar spine, and coronal facet articulation facings are nor¬ 
mal for the lower lumbar spine. 

2. Even with the fewer numbers of sagittal facings in the lower 
lumbar spine, tropism occurred at the level of disc lesion in 
32% of the cases; therefore, a prominence of disc lesions is 
found in cases of sagittal facings and of tropism. 

3. Rotation is the most damaging motion of the low back, re¬ 
sulting in tearing of the lumbar disc anular fibers, which al¬ 
lows for nuclear protrusion. 

4. Sagittal facets or anomalies of tropism create additional 
stress on the spine during rotation. Rotation in this situation 
may be much less than normal before anular disc fibers tear. 

5. Patients with anomalous facet facings are at high risk for de¬ 
veloping a disc lesion on rotation. 

6. In one of every five patients, an asymmetric orientation is 
seen of the spinal articular facets at a single level and abnor¬ 
mal spinal motion; these patients, therefore, are predis¬ 
posed to develop low back and sciatic pain syndromes (115). 

7. In patients with articular tropism, the joints rotate toward 
the side of the more oblique facet (1 37). Figures 2.26 and 
2.27 reveal how tropism changes the force distribution and 
applies additional torsion to the disc. Furthermore, tropism 
may predispose to degenerative arthrosis at these facets. 

8. Finally, articular tropism or asymmetry of the articular 
facets can lead to the manifestation of lumbar instability as 
joint rotation. This rotation occurs toward the side of the 
more oblique facet, and it can place additional stress on the 
anulus fibrosus of the intervertebral disc and capsular liga¬ 
ments of the apophyseal joints. 

Because the posterior elements maintain stability of the 
spine, they play an important role in the triple joint complex of 
the facets and disc. Tropism occurs most commonly in the two 
lowest lumbar levels (1 38, 1 39). Keep in mind that these are 
synovial joints, and shearing forces place compression on facet 
surfaces. This compression is greater in less obliquely facing 
facets. Less oblique facets have greater interfacet forces, pre¬ 
disposing them to degenerative forces. 

Arthrosis of the facets is rare in patients under age 30, and 
it is found progressively more frequently and is more severe as 
th ese patients age (140). Also, intervertebral arthritis is more 
common at L3 L4 and L4—L5 than at L5—SI, where the facets 


Table 2.3 


Average Percentage of Facet Facings 
at Each Level in 56 Cases of Lumbar 
Disc Lesion 



L1-L2 

L2-L3 

L3-L4 

L4-L5 

L5-S1 

Sagittal 

73 

59.5 

45 

29 

6 

Coronal 

24.5 

37 

47 

64.5 

93 

Semisagittal 

2.5 

3.5 

8 

6.5 

1 



Figure 2.26. Forces (F) acting on symmetrically oriented superior ar¬ 
ticular facets. (Reprinted with permission from Cyron RM, Hutton WC. 
Articular tropism. Spine 1980;5(2): 170.) 
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are less obliquely faced. Badgley (1 38) reports that arthritis of 
the facets is more common in cases of tropism and lesions of ar¬ 
ticular capsules, granular ossification, calcification, and adhe¬ 
sions of the meningeal covering of the nerve root adjacent to it. 

The normal plane of articulation of the lower lumbar facets 
(Fig. 2.28) is 45° to the body sagittal or coronal planes (141). 
The inferior facets are convex, whereas the superior facets are 
concave. 

Figure 2.29 shows the normal 45° angle of inclination (1 36). 
Figure 2.26 shows that the vector forces are equally balanced 
on the two facets in the case of a symmetrically oriented artic¬ 
ular facet, whereas Figure 2.27 shows that the forces shift to 
the side of the more obliquely faced facet in the case of tropism. 
It is on the side of the more obliquely faced facet that the pos¬ 
terolateral anular fibers tear. 

Thoracolumbar Facet Orientation 

Disc degeneration in the thoracolumbar junctional region 
(T10—LI) of 37 male cadaveric spines was recorded by discog¬ 
raphy. From 24 of these spines, the facet joint orientation and 
degenerative findings of the facet, costovertebral joints, verte¬ 
bral bodies (osteophytosis) and discs, and Schmorl’s nodes 
were recorded directly from bones. At Til —T12, the most 
common site for the transitional zone between thoracic and 
lumbar facet type, a marked variation was seen in the orienta¬ 
tion of facets (Fig. 2.30). The occurrence of degenerative find¬ 
ings and Schmorl’s nodes at the three levels in the region dif¬ 
fered (Figs. 2.31—2.3 3). At T10—Til, disc degeneration, 


vertebral body osteophytosis, and Schmorl’s nodes were most 
common (anterior degeneration). At T1 2 LI, facet and cos¬ 
tovertebral joint degeneration was dominant (posterior degen¬ 
eration). At T1 1—T12, disc degeneration, vertebral body os¬ 
teophytosis, Schmorl’s nodes, and facet and costovertebral 
joint degeneration all occurred (anterior and posterior degen¬ 
eration). The results point to a pathoanatomic association be¬ 
tween degenerative changes and facet orientation (142). 

Facet Facings Compared in Upper and 
Lower Lumbar Spine 

The relationship between the angulation of the facet joints and 
that of the caudad parts of the corresponding laminae in the 
transverse plane was investigated with computed tomography 
(CT) at the vertebral levels L3—L4, L4 L5, and L5-S1 (Fig. 
2.34). At the level of L3—L4, both the facet joints and the cau¬ 
dad portions of the laminae tend toward a sagittal orientation, 
whereas at L5—SI, the orientation is more toward the frontal 
plane; at the level of L4—L5, they occupy an intermediate po¬ 
sition. A highly significant correlation between the orientation 
of these structures is demonstrated. The caudad parts of the 
laminae may be considered buttresses for the inferior articular 
processes of the same vertebra (143). 

Sagittal Facets Promote Disc Prolapse 

In the synergistic complex formed by the intervertebral disc 
and posterior articular processes, the latter play a significant 




Figure 2.27. Foi •ces (F) acting on asymmetrically oriented superior articular facets. A. The force F acts 
at the point of concurrence, and it is distributed unevenly to the articular f acets. B. The force is offset f rom 
the point of concurrence, and additional torsion is applied to the joint. (Reprinted with permission from 
Cyron BM, Hutton WC. Articular tropism. Spine 1 980;5(2): 171.) 
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Figure 2.28. Orientation of the facet joints. A graphic representation of the facet joint inclinations in 
various regions of the spine is obtained by rotating two cards lying in the horizontal plane through two con¬ 
secutive angles (i.c., a axis rotation followed by y axis rotation). Typical values for the two angles for the 
three regions of the spine follow. A. Cervical spine: — 45 followed by 0 . B. Thoracic spine: — 60 fol¬ 
lowed by +20° for right facet rotation, or — 20° for left facet rotation. C. Lumbar spine: — 90°and —45° 
for right facet rotation or +45 for the left facet rotation. (These are only rough estimates.) Variations are 
found within the regions of the spine and between different individuals. (Reprinted with permission f rom 
White AA, Panjabi MM. Clinical Biomechanics of the Spine. Philadelphia: JB Lippincott, 1978:22.) 
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Figure 2.29. Measurement of facet orientation. (Reprinted with per¬ 
mission from Cvron BM, Hutton WC. Articular tropism. Spine 1980; 
5(2): 170.) 






Figure 2.30. Median and 10th and 9th percentiles (shaded area ) ot facet 
joint angles of 24 cadaveric spines at A, TI0-T1 1; B, T11 —T1 2; and C, 
T12—LI. At T10-T11, facet orientation was always nearly frontal. At 
T11-T12, the facet angles showed widest variation. At T12-L1, facet ori¬ 
entation was usually of lumbar type (i.e., nearly sagittal). (Reprinted with 
permission from Malmivaara A, Videman T, Kuosma E, et al. Facet joint 
orientation, facet and costovertebral joint osteoarthrosis, disc degeneration, 
vertebral body osteophytosis, and SchmoiTs nodes in the thoracolumbar 
junctional region of cadaveric spines. Spine 1987; 12(5):460, 461.) 
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Figure 2.31. Asymmetry of the facet joints at different levels of the thoracolumbar junctional region 
(T10—LI) of 24 cadaveric spines. Asymmetry of greater than 20° was most common at Til T12. 
(Reprinted with permission from Malmivaara A, Videman T, Kuosma E, etal. Facet joint orientation, facet 
and costovertebral joint osteoarthrosis, disc degeneration, vertebral body osteophytosis, and SchmoiTs 
nodes in the thoracolumbar junctional region of cadaveric spines. Spine 1 987; 1 2(5):460, 461.) 
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□ FACET ARTHROSIS □ COSTOVERTEBRAL ARTHROSIS 

Figure 2.32. I Vrccntages of slight to severe facet joint and costover¬ 
tebral joint osteoarthrosis (posterior degeneration) at different levels of 
the T L region (T10—LI) in 24 cadaveric spines. Assessments from bone 
specimens. Posterior degeneration was most common at T12—LI. 
(Reprinted with permission from Malmivaara A, Videman T, Kuosma E, 
ct al. Facet joint orientation, facet and costovertebral joint osteoarthro¬ 
sis, disc degeneration, vertebral body osteophytosis, and Schmorl’s 
nodes in the thoracolumbar junctional region of cadaveric spines. Spine 
1987; 1 2(5):460, 461.) 
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□ DISC DEGENERATION H OSTEOPHYTES 
H SCHMORL'S NODES 

Figure 2.33. Percentages of moderate to severe general disc degener¬ 
ation, vertebral body osteophytosis, and SchmorPs nodes (anterior de¬ 
generation) at different levels of the T L region (T10—LI) in 24 cadav¬ 
eric spines (disc degeneration in 37). Anterior degeneration was least 
common at T12—LI. (Reprinted with permission from Malmivaara A, 
Videman T, Kuosma E, t al. Facet joint orientation, facet and costover¬ 
tebral joint osteoarthrosis, disc degeneration, vertebral body osteophy¬ 
tosis, and SchmorPs nodes in the thoracolumbar junctional region of ca¬ 
daveric spines. Spine 1987;1 2(5):460, 461.) 
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Figure 2.34. A—C. Quadrangles composed of the mean values for transverse intcrfacct-joint and inter¬ 
laminar angles at L3—L4, L4^L5, and L5 SI, respectively. D—F. CT scans of each of the three levels show 
the formation of the quadrangles. They represent individual values, not the mean values shown in A—C. 
(Reprinted with permission f rom Van Schaik JPJ, Herbiest H, Van Schaik FDJ. The orientation of laminae 
and facet joints in the lower lumbar spine. Spine 1 985; 10(1 ):63.) 
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role in protecting the disc and blocking forward movement of 
the spine. This role is of special importance at the level of the 
lumbosacral interface, whose inclination contributes to in¬ 
creasing the shearing forces acting on the disc. The orientation 
of the lumbosacral articular processes modifies the distribution 
of the mechanical stress acting at their level. The relationship 
between the orientation of the articular processes and the stress 
transmitted to the disc was studied by CT (31 subjects without 
disc prolapse, 35 subjects with disc prolapse, I 10 operative re¬ 
ports). Sagittal orientation of the facet joints, which is consis¬ 
tently more pronounced on the right side, seems to promote 
disc prolapse occurrence at the lumbosacral level (144). 

Controversy Exists Over Facet Symmetry in 
Disc Degeneration 

No useful correlations were found between facet and canal 
asymmetry, canal rotation, or degenerative change. Coronally 
oriented facets withstand shear but do not resist rotation. No 
greater incidence of degenerative change in vertebrae was seen 
with coronally oriented facets. The role of asymmetric apophy¬ 
seal joints was discussed by Farfan et al. (135). In this study, 
however, no correlation was found between the degree of facet 
asymmetry and the size of the vertebral osteophytes. 

If facet asymmetry predisposed an individual to rotational 
displacement, either it was not necessarily associated with de¬ 
generative change or it occurred so infrequently that it was not 
detected in this series of specimens (145). 

Radiographs of the lumbar spine frequently demonstrate 
asymmetry of posterior articular facets, but this is asympto¬ 
matic in patients with good abdominal and lumbar muscles 
when the anomaly is only of a moderate degree. It can, how¬ 
ever, cause rotatory instability of the subjacent vertebra, lead¬ 
ing to lumbago. It is then frequently associated with osteoar- 
ticular complications affecting the posterior arch, a logical 
consequence of a sequence of changes that can be explained by 
simple mechanical factors (146). 

Determining Tropism by Plain Film 
Versus CT Study 

In one of our studies (147) we found the accuracy of defi ning 
tropism on plain x-ray study of 20 patients to have been 27% 
by one interpreter and 50% by another. CT was the accurate 
diagnostic modality against which plain x-ray study was com¬ 
pared. 

Tropism is a common anomaly, with an occurrence of 1 7 to 
3 l%in several large series (143, 148—1 50). Higher tropism in¬ 
cidence is reported in patients with clinically and surgically 
proved disc herniations as opposed to a lower incidence in per¬ 
sons without back complaints (151), which is a biomechanical 
factor of importance to the manipulative physician. Plain radi¬ 
ograph has limited accuracy in diagnosing facet articular plane, 
whereas CT is the best modality for viewing the entire contour 
of the zygapophysial joints. 


Further Controversy 

Magnetic resonance imaging and CT scans of 46 subjects under 
50 years of age showed increased risk of disc degeneration in 
the presence of facet joint tropism (152). CT/discography at 
324 lumbar levels showed no differences in the degree of disc 
degeneration or pain response with respect to facet tropism 
(153). Although reporting no association between either the 
presence or the severity of facet tropism and disc degeneration, 
patients who had severe facet tropism at L4 or L5 had a 6.6 
times greater risk of disc herniation (1 54). 

Dai and Jai (1 55) reported that 28% of normal subjects had 
facet asymmetry at the L4—L5 and L5—SI levels, but 49% of 
lumbar disc surgery patients showed facet asymmetry. This 
study supported the causative significance of facet asymmetry 
in lumbar disorders. Also reported by Dai and Jai was a Farfan 
and Sullivan study showing asymmetry of the facet joints in 76 
of 78 disc herniation patients with 95% of the herniations oc¬ 
curring on the side of the more obliquely oriented facet. Rota¬ 
tion was found to be greater to the more oblique faced facet 
side. 

Facet Orientation Circle to 
Determine Tropism 

Figures 2.35 and 2.36 depict the determination of facet orien¬ 
tation from a technique known as the “facet orientation cir¬ 
cle.” The transverse orientation of the lower lumbar facet 
joints is measured on CT scan as a reference for biomechani¬ 
cal and clinical determination of facet asymmetry. Facets at 



Figure 2.35. A. Reference points used for determination of facet ori¬ 
entation circles ([FOCI; a H reference points located on the superior ar¬ 
ticular facets of the underlying vertebra): A, anteromedial edge of right 
facet. B, anteromedial edge of left facet. C, posterolateral edge of right 
facet. D, posterolateral edge of left facet. B. Right FOC through refer¬ 
ence points A, B, and C. In the absence olfacet joint asymmetry, this cir¬ 
cle also passes through reference point D. Left FOC (through reference 
points A, B, and D) was drawn in a similar fashion (not shown). The di¬ 
ameter of the combined FOC was defined as the mean value of the di¬ 
ameters of right and left FOCs. (Reprinted with permission from van 
Schaik JPJ, van Pinxteren B, Verbiest H , et al. The facet orientation cir¬ 
cle: a new parameter for facet joint angulation in the lower lumbar spine. 
Spine 1997;22(5):531—5 36.) 
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Figure 2.36. Examples of facet orientation circles (FOCs) at various 
vertebral levels (different patients). Reference points are indicated by 
crosslcts through which circles are drawn. Right FOC (A) and left F#C 
(B) at L3 F4 (diameters, 42.4 mm and 43.9 mm, respectively; mean, 

43.2 mm). Right FOC (C) and left FOC (D) at L4— L5 level (diameters, 

64.3 mm and 75.2 mm, respectively; mean, 69.8 mm). Right FOC (E) 
and left FOC (F) at L5—SI (diameters, 81.2 mm and 85.7 mm; mean, 
8 3.5 m). Note the more frontal orientation of the facet joints at L5—SI, 
resulting in a larger facet orientation circle. (Reprinted with permission 
from van Schaik JRJ, van Pinxtcrcn B, Verbiest H, et al. The facet orien¬ 
tation circle: a new parameter f or facet joint angulation in the lower lum¬ 
bar spine. Spine 1997;22( 5): 5 31 — 5 36.) 


L3—L4 are oriented closer to the sagittal plane, whereas at 
L4—L5 and L5—S1 they are oriented progressively more to¬ 
ward the frontal plane. This technique should not be used pri¬ 
marily to direct clinical care, but to elicit morphometric data 
for consideration of biomechanical concepts in investigating 
the lumbar spine (1 56). 

Concepts of Pain Production by Damaged 
Disc Tissue 

The concept that the intervertebral disc is per se biochemically 
active after injury has not yet been widely accepted in clinical 
practice. Crock (1 57) finds: 


1. The capil laries related to the vertebral end plate cartilage 
drain via a subarticular collecting vein system into the inter¬ 
nal vertebral venous plexus or directly into veins of the mar¬ 
row spaces in the spongiosa of the vertebral body. 

2. Trauma to an intervertebral disc, inflicted by heavy lifting 
or by the high-speed application of force of short duration, 
may damage disc components, resulting in the production 
of irritant substances that can drain either into the spinal 
canal, irritating nerves, or into the vertebral body, thus set¬ 
ting up an autoimmune reaction. 

3. The following clinical syndrome may then develop: (a) in¬ 
tractable back pain with aggravation of pain and loss of spinal 
motion with any physical exercise; (b) leg pain; (c) loss of 
energy; (J) marked weight loss; and (e) profound depres¬ 
sion. 

4. Patients with this syndrome will be found to have (a) nor¬ 
mal plain radiographs of the spine; (b) normal myelograms; 
(c) normal CT scans of the spine; (<J) usually normal blood 
examination; and (e) normal neurologic findings on clinical 
examination. 

5 . If this syndrome is present, (a) the patients will have abnor¬ 
mal discograms; (b) pain will be reproduced by as small a 
volume as 0.3 mL of dye because of the hypersensitivity of 
the pain fibers within the disc substance; (c) the final volume 
of dye accepted will be in excess of normal; and (J) the 
discographic patterns on x-ray films will be abnormal. 

This hypothesis suggests that in certain individuals, espe¬ 
cially after trauma, a syndrome develops because of the pro¬ 
duction of chemical substances by the damaged disc tissues 
(157). 

Disc degeneration is characterized histologically by loss of 
tissue in the nucleus, increasing thickness of the collagen fibers, 
and the occurrence of fissures both in the center and in the pe¬ 
riphery of the disc. Insuf ficient diff usion into the disc has been 
said to account for premature disc degeneration. 

In a study of the pH of discs of patients operated on for lum¬ 
bar rhizopathy, a marked decrease in pH was noted in some 
discs. These cases also showed an abundance of connective tis¬ 
sue scarring around the nerve roots. A number of mechanisms 
could have caused this increase in hydrogen ion concentration, 
but a separate study (158) demonstrated that the main factor 
was probably increased lactic acid concentration, which was 
found to be directly correlated with the hydrogen ion concen¬ 
tration of the nucleus. 

Thus, this study suggests that two nutritional routes are 
open for the intervertebral disc: (a) diffusion through the cen¬ 
tral portion of the end plate from marrow space cartilage con¬ 
tacts and (b) diff usion through the anulus fibrosus from the sur¬ 
rounding vessels (158). 

Does the Disc Have Circulation? 

The imbibition of fluids into the nucleus pulposus has always in¬ 
terested me, as it relates to the possible nutritional advantages 
of supplying minerals and glucosaminoglycan orally to patients 
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with disc degeneration in an attempt to reverse the degenera¬ 
tive process. An exciting factor was shown by Eismont et ah 
(159) when they found penetration of antibiotics into the nu¬ 
cleus pulposus following an 8-hour course of intramuscular an¬ 
tibiotic injections. 

Immunologic Implications of 
Lumbar Disc Disease 

Naylor et ah (160) state that a hypothesis to explain the chem¬ 
ical process of disc prolapse would include the initial change as 
a disturbance of the normal protein-polysaccharide synthesis- 
depolymerization equilibrium in favor of increased or unbal¬ 
anced depolymerization, with the changes in the proteoglycan 
metabolism being associated with an increased fluid content 
and, thus, increased intradisc tension. This could then produce 
an episode of disc nuclear herniation. Five acid glycerophos- 
phatases have been isolated from disc material. These lysoso¬ 
mal enzymes can be shown to degrade the intervertebral disc. 
Of these live acid glycerophosphatases isolated in normal nu¬ 
clei, two have the same activity during prolapse, one has a 
lower activity, and the others have some deficiencies. The Nay¬ 
lor et al. study suggests that lysosomal enzymes present in the 
nucleus pulposus of the prolapsed intervertebral disc are capa¬ 
ble of degrading the protein-polysaccharide complexes. 

Elves et al. (161) studied 12 patients with prolapsed inter¬ 
vertebral discs. All patients had discectomy performed. Eight 
of these patients had protrusion, and four had sequestration or 
prolapse with free fragmentation of the disc. Three of the four 
patients with prolapse showed an immune response to their 
own disc material. None of those with protrusion had a posi¬ 
tive immune reaction. 

Naylor et al. (160) found a significant enhancement of IgM 
and IgG in patients with lumbar disc prolapse. They suggest that 
either a nonspecific antigen process or stimulation of an anti¬ 
body humoral system is the factor in the development of disc 
prolapse. Gertzbein (162) believes that evidence exists for an 
autoimmune mechanism in the degeneration of the lumbar disc. 

It was Falconer (as discussed by Naylor et al. [160]) who orig¬ 
inally stated that, on myelography, defects could still be ob¬ 
served in patients whose low back and leg pain had been com¬ 
pletely relieved. Thus, evidence supports the claim that the pain 
from disc prolapse is caused by chemical as well as mechanical 
irritation of nerve roots. Once the degradation products of pro¬ 
lapse are dissipated, the relief of symptoms may be imminent. 

Direct chemical analysis, x-ray crystallography, and elec¬ 
tron microscopy have shown that disc degeneration shows a fal 1 
in total sulfate, both keratin and chondroitin, although no pH 
change occurs. In disc herniation a fall is seen in total proteo¬ 
glycan level, chiefly chondroitin sulfate, and probably in ker- 
atosulfate fractions. 

The chemical explanation of disc prolapse expressed here is 
that initially a disturbance of the normal protein-polysaccharide 
synthesis occurs, which is associated with an increased fluid 
content and intradiscal pressure that produces the damage to 
the anulus, with repeated episodes producing advanced degen¬ 


eration of the disc. What creates these changes? The lysosomal en¬ 
zymes of arthritis and rheumatoid arthritis are similar and may pro¬ 
duce the disc changes of herniation. Ruptured discs have been 
shown to release acid phosphatase , which degrades the protein- 
polysaccharide complexes of the intervertebral disc (160). 

It has been shown (160) that the intervertebral disc could act 
as an antigen, with the common antigenic determinant located 
in the region of the glycosaminoglycan to the protein core. 

IgM, IgG, and IgA have been isolated in the serum of patients with 
prolapse and not in the serum of normal healthy people (162). It is 
primarily IgG and IgM that are elevated in patients with lum¬ 
bar disc prolapse. A reaction between IgM and the protein 
polysaccharide complex has been shown to produce amyloid 
similar to that found in the amyloid-containing tissues of pa¬ 
tients with rheumatoid arthritis (160). 

Many believe that chronic degeneration of the disc is an au¬ 
toimmune disease with antibodies directed at components of the 
nucleus pulposus that normally are shielded from the circulation 
and the reticuloendothelial system. A highly significant increase 
of serum IgM was reported in patients with proved Schmorl’s 
nodes, narrowed disc spaces, or neurologic signs of disc dam¬ 
age, compared with age-matched controls (163)(Fig. 2.37). 

Chemical Irritation of a Nerve Root As a 
Pain Producer 

Disc Prolapse As Chemical Irritant of Nerve Root 

For more than a decade, orthopaedic surgeons have considered 
the likelihood of chemical irritation of the nerve root in associ¬ 
ation with disc prolapse as the cause of the acute pain follow¬ 
ing injury. This view has arisen from the frequent finding at 
operation of a swollen, inflamed nerve root without bone pres¬ 
sure. Glycoprotein is a constituent of the chemical content of 
the nerve root. Previously, it was shown that the carbohydrate 
capsule of the pneumococcus liberates histamine and other H 
substances from perfused organs much in the same way as 
venom. Direct pharmacologic tests of the nucleus pulposus 
show the presence of 1 to 4 fjg of histamine per gram, but no 
tryptamine and no slow-reacting substance or kinin. Extract of 
the glycoprotein from human nucleus pulposus releases con¬ 
siderable quantities of histamines, edema fluid, protein, and an¬ 
other amine with four times the mobility of histamine from the 
isolated perfused lung of the guinea pig. The acute pain in disc 
lesions is caused by local irritation of the nerve root producing 
edema and releasing protein and H substances at the site of disc 
injury. Relief of pain by cortisone accords with these findings, 
because cortisone inhibits the peripheral response to H sub¬ 
stances (164). 

Disc Anular Irritation As Source of Low 
Back Pain 

Anatomic studies have demonstrated the presence of nociceptive 
nerve endings in the anulus fibrosus of the lumbar intervertebral 
disc. Anular tears can, therefore, cause pain referral of purely 
discogenic origin into the low back, buttock, sacroiliac region, 
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Figure 2.37. This flow diagram explains the biomechanical hypothesis of the basic mechanisms of spine 
pain, disc prolapse, and disc degeneration. A number of mechanical factors mentioned in this chapter prob¬ 
ably play a large role in the clinical presentation and outcome of these various biochemical phenomena. 
(Reprinted with permission from White AA, Panjabi MM. Clinical Biomechanics of the Spine. Philadel¬ 
phia: JB Lippincott, 1978:291 .) 
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and lower extremity even in the absence of neural compression. 
Neural compression caused by an anular tear that has progressed 
to become a protruded disc is an obvious source of pain. Disc 
protrusion without neural compression can precipitate an in¬ 
flammatory response with secondary radiculitis, raising the pos¬ 
sibility of chemically induced inflammatory neural pain (165). 

Lumbar zygapophysial joints (i.e., facet joints) are well in¬ 
nervated and thus are potent potential pain generators. Facet 
arthropathy can cause low back pain as well as refer pain into 
the buttock and lower extremity. 

Basic anatomy and pathophysiology of lumbar nerve injury 
reveal that the motor (i.e., ventral) nerve root and sensory 
(i.e., dorsal) nerve root pass dorsal and lateral to the interver¬ 
tebral disc. 

INTERVERTEBRAL DISC BIOMECHANICS- 
NORMAL AND ABERRANT 

In people between the ages of 30 and 40 years, their nucleus 
has a water content of 80% (166), which Puschel (1 67) believes 
decreases with age. DePukey (168) found that the average per¬ 
son is 1% shorter in height at the end of the day than on first 
arising in the morning. He also found that a person in the first 
decade of life is 2% shorter at bedtime, and a person in the 
eighth decade of life is 0.5% shorter. This difference he attri¬ 
butes to decreasing water content in the disc, which occurs 
with advancing age. 

Hendry (169) believes that the hydrodynamics of the disc 
result from the gel structure of the nucleus pulposus, enabling 
it to absorb nine times its volume of water. No chemical bond 
influences this water content, as it can be mechanically ex¬ 
pressed under pressure; thus, weightbearing causes the de¬ 
crease of 1 % average height in a day. 


The nucleus pulposus, which occupies about half the disc 
surface area, bears the vertical load, whereas the anulus bears 
the tangential load (134). Because of nuclear degeneration, 
shift occurs in stress and weightbearing forces. Bradford and 
Spurling state that the ratio of the anterior to posterior weight¬ 
bearing forces of the body is 1 5 to 1; theref ore, lifting 100 
pounds with the arms extended places a total pressure of 1 500 
pounds on the nucleus pulposus. Even more revealing is the 
finding of Morris et al. (1 70) that a 170-pound man lifting 200 
pounds exerts a force of 2071 pounds on the L5—SI disc space. 

Discography is performed by injecting contrast material into 
the nucleus, which normally accepts approximately 1 mL of so¬ 
lution. If the injection duplicates the patient’s symptoms, disc 
protrusion, irritating the anulus or nerve root, is signified. Fig¬ 
ure 2.38 reveals abnormal nuclear appearances on discography. 

Gresham and Miller (171) carried out postmortem discog¬ 
raphy on 63 fresh autopsy specimens; the subjects ranged in age 
from 14 to 80 years, and they had relatively asymptomatic 
backs. The results of this study are presented in Table 2.4. 

Abnormalities in the disc reduce its capacity to aid in sup¬ 
porting torsional loads of the spine by about 40% (1 34). 

Degeneration of the intervertebral disc and subsequent 
changes in adjacent vertebrae and ligaments are termed 
“spondylosis.” Fissuring of the anulus fibrosus occurs posteri¬ 
orly, usually where the common ligament is least strong (1 72). 
Finneson (I 34) describes two disc changes following injury 
(Fig. 2.39): disc herniation (or protrusion) and spondylosis. He 
notes that in less than 20% of patients with anular tears or fis¬ 
sures, a large f ragment of nucleus bulges forth to compress a 
nerve root, producing classic disc symptoms. LIsually, how¬ 
ever, the anulus never completely tears and contains the nu¬ 
cleus within its boundary with only slight protrusion. 

Finneson goes on to say that fibrosis of the anulus fibrosus 
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Figure 2.38. Some abnormal discogram configurations. (Reprinted with permission from Finneson BE. 
Low Back Pain. 2nd ed. Philadelphia: JB Lippincott, 1980:104.) 
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Table 2.4 


Results of Postmortem Discography 
from a Study by Gresham and Miller 
(Total Autopsies, 60) 

Age Range 

Group (years) Findings 

I 14—34 90% normal discs 

10% degenerated discs 

II 35—45 25% normal discs 

III 46—59 25% normal discs at L3—L4 

0% normal discs at L5—SI 

IV 60 and over 5% normal discs 

0% normal at L5—S1 
2% normal at L4-L5 a 
3% normal at L3—L4^ 

Data from Gresham JL, Miller It. Evaluation of the lumbar spine by 
diskography . Ortliop Clin 1969;67:29. 

‘'One autopsy in 60. 

^Two autopsies in 60. 
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occurs as the anulus loses its sponginess and elasticity. The disc 
space thins, with sclerosis of the cartilaginous end plates and 
new bone formation around the periphery of the contiguous 
vertebral surfaces occurring. The altered mechanics place 
stress on the posterior diarthrodial joints, causing them to lose 
their normal nuclear fulcrum for movement. With the loss of 
disc space, the articulation plane of the facet surfaces is no 
longer congruous. This stress results in degenerative arthritis 
of the articular surfaces. Complete fibrous ankylosis of the disc 
and articular surfaces is possible. 

Definitions and Illustrations of Disc 
Protrusion and Prolapse 

Two terms are used to describe disc degenerative change al¬ 
lowing nuclear herniation: “contained disc” and “noncontained 
disc.” They refer to the state of the anulus fibrosus, that is, 
whether it is intact and restraining the nucleus pulposus (a con¬ 
tained disc); or whether it has completely radially torn to allow 
the nuclear material to sequester or free-fragment into the ver¬ 
tebral canal (a noncontained disc). 

Disc protrusion (Fig. 2.40) is an extension of nuclear mate¬ 
rial through the anulus into the spinal canal with no loss of con¬ 
tinuity of extruded material. The anulus is intact. Protrusion 
and herniation arc synonymous. 

Disc prolapse (Fig. 2.41) occurs when the extruded mater- 





Figure 2.39. A. Herniation of the nucleus pulposus. B. Spondylosis. (Reprinted with permission f rom 
Finneson BE. Low Back Pain, 2nd cd. Philadelphia: JB Lippincott, 1980:437.) 
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ANULUS FIBROSUS 

NUCLEUS PULPOSUS 


Figure 2.40. Nuclear protrusion. Theanulus Hbrosus is still intact, al 
though weakened with nuclear bulge. 



Figure 2.42. In nuclear protrusion, the anular fibers arc containing the 

bulging nuclear material. 



ANULUS FIBROSUS 

NUCLEUS PULPOSUS 


Figure 2.41. Nuclear prolapse. The anulus Hbrosus is completely 
torn, allowing nuclear escape into the posterior vertebral canal as a tree 
fragment. 


ial loses continuity with the existing nuclear material and forms 
a free fragment in the spinal canal. The anulus is not intact. 

Protrusion of disc material (Fig. 2.42) exists when the 
bulging nuclear material is contiguous with the remaining nu¬ 
cleus pulposus, and the anulus Hbrosus is stretched, thinned, 
and under pressure. Epstein (173) notes that the pressure 
within the nucleus pulposus is 30 psi and mentions that this 
pressure was found to be 30% less in the standing position than 
in the sitting position and 50% less in the reclining position than 
in the sitting position. Also keep in mind that cerebrospinal 
fluid pressure is 100 to 200 mm of water in the recumbent pos¬ 
ture and 400 mm in the sitting posture (174). It is important, 
therefore, that the patient with a protruding disc avoid sitting. 
Disc prolapse is shown in Figure 2.43. 

Figure 2.44 illustrates that a disc can protrude either lateral 
to a nerve root, medial to a nerve root, under a nerve root, or 
in a central position. When the disc protrudes lateral to the 
nerve root, the patient assumes an antalgic lean away from the 
side of the disc lesion (Fig. 2.45). When the disc protrudes me¬ 
dial to the nerve root, the patient assumes an antalgic lean into 
the side of the disc lesion or pain (Fig. 2.46). With a central 
disc lesion, the patient assumes a flexed posture of the lumbar 
spine with or without lean to either side. With protrusion un¬ 
der the nerve root, the patient may assume no lean. 

Figure 2.47 illustrates the great challenge in low back com¬ 
plaints—a patient with low back pain with radiating sciatic 
radiculopathy; inability to bear weight; pain on coughing, 
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Figure 2.44. Nerve root displacement by disc protrusion. Upper left, Medial disc displaces nerve later 
ally. Upper right, I .ateral disc displaces nerve root medially. Lower center, Disc lies directly under nerve root 
stretching it. 
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Figure 2.45. Sciatic scoliosis in a patient with a right lateral disc pro¬ 
trusion. 



Figure 2.47. The great challenge in low hack pain patients—this fig¬ 
ure shows a patient with low hack pain and radiating sciatic radiculopa¬ 
thy, leaning in a Hexed position and unable to straighten the leg. This is a 
typical herniated nucleus pulposus case. 



Figure 2.46. Sciatic scoliosis in a patient with right medial disc pro¬ 
trusion. 


sneezing or bowel movement; reflex change; and great fear and 
anxiety. The patient’s radiograph (Fig. 2.48), except for an ob¬ 
vious sciatic list to the right side, is devoid of degenerative 
changes, which may be a certain part of her future, whereas the 
CT scan seen in Figure 2.49 reveals good reason for her dis¬ 
comfort. This is an obvious diagnosis; unfortunately, most low 
back diagnoses are not so easily made. 

The dermatome chart (Fig. 2. 50) reveals innervation of the 
sensory nerves of the lower extremity. Ninety percent or more 
of lumbar disc lesions occur either at the L4-L5 or L5—SI disc 
level. The L4—L5 disc usually compresses the fifth lumbar 
nerve root, resulting in pain sensations down the lower ex¬ 
tremity in the fifth lumbar nerve root innervation. The L5—SI 
disc usually compresses the first sacral nerve root, resulting in 
pain distribution down the first sacral dermatome of the lower 
extremity. Lecuire et al. (175) found that of 641 patients with 
disc lesion, 307 showed definite SI dermatome patterns, 267 
showed definite L5 dermatome patterns, and 67 showed mixed 
patterns; 60% of these patients had an antalgic lean. A single 
disc lesion was noted in 562 patients, with 47% occurring at 
L5—Si, 39% occurring at L4-L5, and 2% occurring at L3—L4. 
Myelograms were performed on 238 of the 641 patients prior 
to surgery. 

Knowledge of specific innervation of the nerve root is im¬ 
portant in deciding which disc is involved. By ascertaining the 
antalgic posture, the clinician can determine w hether the proh- 
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Figure 2.48. V ostcroantcrior radiograph ol the patient in Figure 2.47. 
This is a I.ovctt reverse sciatic scoliosis in that the spinous processes ro¬ 
tate to the left convexity instead of to the right concave side. This is a typ¬ 
ical rotation scoliosis seen in serious disc lesions. 



Figure 2.49. Computed tomography scan of the patient in Figure 2.47 
shows a large left disc herniation at the L4--I.5 disc level. All cases should 
be so easily diagnosed! 

Icm is a medial, central, or lateral disc protrusion. Therefore, 
two facts are of primary importance in the evaluation of a pa¬ 
tient: the side of sciatic pain distribution and the side of antalgic 
inclination (i.e., whether the patient leans toward or away 
from the side of pain) (Fig. 2.51). 

I have found that the level of disc involvement usually is the 
site of vertebral rotational and lateral flexion changes; this level 
may be observed on visual examination of the patient’s spine. 
Often it is noted only on x-ray examination; x-ray studies can 
be made with the patient in both recumbent and standing posi¬ 


tions, because no difference is noted in these disc cases. The site 
of lateral flexion and rotation change may be quite noticeable 
or only slightly discernible on radiographs; therefore, close 
correlation with the history and clinical examination is needed 
to pinpoint the site of disc protrusion. In other cases, the x-ray 
finding is striking regarding the amount of flexion and rota¬ 
tional change that results in a sciatic scoliosis. Some cases of disc 
prolapse requiring surgery, however, often reveal minimal 
change in functional spinal unit relationships. An interesting 
observation is that sciatic scoliosis often appears as a Lovett fail¬ 
ure or as reverse scoliosis (i.e., a failure of body rotation or a 
rotation to the convexity of the scoliosis by the vertebral bod¬ 
ies instead of toward the side of concavity). 

RADIOGRAPHIC STUDY OF LATERAL 
FLEXION DISC MECHANICS OF THE 
LUMBAR SPINE AND PELVIS 

The biomechanics of the lumbar spine and pelvis are well 
shown radiographically by use of the dynamic lateral bending 
study. Without it, one of the most important tools of diagno¬ 
sis of lumbar mechanics is lost. Weitz (176) revealed the accu¬ 
racy of lateral bending studies by comparing his findings with 
those of myelography and surgery. Of 46 patients, he found 12 
had normal bending studies; of these, six had midline disc pro¬ 
trusions and two had stenosis. Of the 54 patients with abnor¬ 
mal bending studies, 28 had disc protrusions confirmed at both 
myelography and surgery. Two of the 54 had abnormal bend¬ 
ing studies that were confirmed at surgery despite negative 
myelography. Both patients had lateral disc protrusions, with 
normal bending away from the protrusion and impaired bend¬ 
ing toward the protrusion. No instance has been reported of a 
patient with an ipsilateral list and a negative myelogram. 

Bending Study Accuracy 

Van Damme et al. (177) compared the relative ef ficacy of clin¬ 
ical examination, electromyography, plain him radiography, 
myelography, and lumbar phlebography in the diagnosis of low 
back pain and sciatica. They found that the bending studies had di¬ 
agnostic reliability equal to that of myelography and lumbar phle¬ 
bography. 

In 1942, Duncan and Haen (178) stated that the postural at¬ 
titude assumed by a patient with a disc protrusion was such to 
avoid further compression of the disc: “This posture entails a 
list of the spine away from the side of the lesion and since the 
mass is extruding posteriorly, an attitude of forward flexion is 
assumed.” They took films of the patient in lateral flexion to 
each side and in flexion and extension and found that, “in the 
majority of our cases, these films have demonstrated a lack of 
spinal mobility localized to the involved joint” (178). They also 
found that, in patients with laterally placed herniation, the 
myelograms were consistently normal. (Note: We know that 
lateral discs can be so far lateral as not to contact the dye-filled 
subarachnoid space, thus giving a false-negative myelogram 
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Figure 2.50. Dermatome chart of lower extremity. 


one reason for the 30 to 40% inaccuracy of myelography.) 
They also took postoperative bending films, which showed that 
once the sequestrum had been removed from the involved 
joint, mobility was immediately restored to the joint. 

In 1948, Falconer et al. (179), in a study of 25 patients with 
ipsilateral list and 17 with contralateral list, with the summit 
medial or lateral to the nerve root in both subgroups, discussed 
the importance of list in lumbar disc disease. They found that 
scoliosis was caused by spasm designed to exert the least possi¬ 
ble “strain” on the surrounding structures, but they were un¬ 
able to correlate the direction of the curvature with the side of 
the symptoms. One year later, Fladley (I 80) noted that in cer¬ 
tain patients with nerve root pressure, the foramen is not al¬ 
lowed to become smaller on lateral flexion toward the affected 
side, although normal wedging can take place at this level when 
the patient bends to the opposite direction. 

Schalimtzek (181) and Hasner et al. (182) performed mo¬ 
tion studies to diagnose herniated discs. Hasner et al. discov¬ 
ered that if lateral bending is inhibited, either normal angula¬ 
tion between vertebral bodies may be less pronounced or a 


state of parallelism may be noted. They (181, 182) also found 
that the vertebral bodies may even be divergent from each 
other on the side where the lateral bending takes place. 

Breig (18 3) states that the patient’s posture in an acute back 
disorder represents a compromise between the need to mini¬ 
mize tension in the dura and the root and the need to reduce 
the bulge of the prolapsed disc. He believes that it is not un¬ 
common to see a patient with a flattened lumbar region flex the 
spine forward to minimize the herniation and ipsilaterally to re¬ 
lieve tension on the root, such as occurs in a patient with an ax¬ 
illary herniation (a medial disc). 

Controversy Regarding Lateral 
Flexion Accuracy 

Porter and Miller (184) do not find lateral flexion as diagnostic 
as other authors and state that, in a study of 1 00 patients with 
trunk list and back pain, they found 49 who fulfilled the crite¬ 
rion of a symptomatic lumbar disc lesion, and 20 of these re¬ 
quired surgical excision of the disc. The side of the list was not 
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Figure 2.51. Relief or aggravation of pain with lateral flexion may indicate whether the disc protrusion 
is lateral or medial to the nerve root. (Reprinted with permission from Finncson BE. Low Back Pain. 2nd 
cd. Philadelphia: JB Lippincott, 1980:302.) 


related to the side of the sciatica or to the topographic position 
of the disc in relation to the nerve root. Twice as many patients 
listed to the left as to the right, and some evidence was found 
that the side of the list may be related to hand or leg dominance. 

Finncson (185) has demonstrated both ipsilateral and con¬ 
tralateral listing caused by the relationship of the protrusion to 
the nerve root. Nachemson believes that “the information ob¬ 
tained from ordinary x-rays is . . . mostly irrelevant” (186). 
Weitz, therefore, states, “It is with this impetus that we urge 
lateral bending (dynamic) x-ray studies rather than static films 
in patients clinically suspected of having lumbar disc hernia¬ 
tions” (176). 

RADIOGRAPHIC STUDIES 

Lateral bending studies are performed to determine aberrant 
lateral flexion of a functional spinal unit in relation to its adja¬ 
cent segments. These studies arc most beneficial in determin¬ 
ing subluxation, as in hypomobility of the static subluxation ac¬ 
companying intervertebral disc protrusion. For study of the 
L4 L5 level, routine anteroposterior (AP) views in lateral flex¬ 
ion arc adequate, but for study of the L5—S1 level, the tilt view 
must be used because the sacral angle and lumbar lordosis make 
viewing of the lateral flexion of L5 on the sacrum impossible. 


For the tilt view, take the lateral lumbar view as shown in 
Figure 2.52. Next, draw the sacral promontory line and mea¬ 
sure the angle made by this line with the horizontal. Then tilt 
the x-ray tube to match this angle (Fig. 2.53), with the center 
ray 1.5 inches inferior to the intcrcrcstal line centered to the 
midline. In addition to the neutral posteroanterior (PA) view, 
the lateral bending studies are performed by having the patient 
slide his hand down his thigh while keeping his feet flat on the 
floor directly beneath the hip joints and keeping his knees 
straight (Fig. 2.54). These studies can be performed with the 
patient either sitting or standing, depending on the doctor’s 
preference, and they provide information on the following: 

1. Fixation (hypomobile) subluxation caused by either disc 
protrusion or facet incongruity; 

2. Relief of disc or facet lesions following manipulation, as 
normal physiologic mobility returns. 

Figure 2.55 is an illustration of lateral bending antalgic pos¬ 
tures and their effect on the medial and the lateral discs. 

Figures 2.56 through 2.58 arc the radiographic studies that 
correlate with the schematic representations in Figure 2.55 of 
the disc protrusion causing nerve root compression. They arc 
lateral bending studies of the L5 SI level in a patient with pain 
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down the right first sacral dematome, and they provide clinical 
evidence of a right lateral fifth lumbar disc protrusion. Figure 
2.56 is the PA neutral view. Note the left lateral flexion sub¬ 
luxation of L5 on the sacrum and the tropism at L5—SI, with 
the right facets being sagittal and the left facets being obliquely 
coronal in their planes of articulation. Dye from prior myelog¬ 
raphy can be seen in the dural root sleeve. 





Figure 2.52. An upright lateral spot view. The sacral angle measured 
15 °, 



Figure 2.53. Tube tilted to match sacral angle and centered to L5—SI 
level. 


Figure 2.57 is the left lateral bending study. Note spinous 
process deviation to the left. Figure 2.58 is the right lateral 
bending study, and it shows failure of right lateral movement 
of L5 on the sacrum. L5 is a hypomobile fixation subluxation, 
as evidenced by failure of lateral flexion or spinous process mo¬ 
tion beyond the midline, which occurs in lateral disc protru¬ 
sion. 

Howe (personal communication, 1980) has said that the disc 
lesion is an area of hypomobility on the cineradiography study. 
Movement occurs above or below the disc lesion subluxation, 
but the disc is a hypomobile segment. 

Figures 2.59 and 2.60 demonstrate the mechanics of the an¬ 
talgic leans shown in Figures 2.56, 2.57, and 2.58. 

Figures 2.61-2.63 are studies of a patient with right medial 
disc protrusion at L5—SI. Figure 2.61 is the neutral PA view of 
the L5—SI interspace in this patient with pain down the right 
first sacral dermatome. Note the right lateral flexion of L5 on 
the sacrum and the tropism present, with the L5—S 1 left facets 
being sagittal and the right facets being coronal. Figure 2.62 
shows right lateral bending of the lumbar spine. Note a Lovett- 
positive scoliosis. Figure 2.63 shows attempted left lateral 
bending of the lumbar spine with failure of lateral flexion of L5 
on the sacrum and with hypomobility of the segments above to 
laterally flex left. This subluxation pattern is compatible with 
the motion studies observed during physical examination. 

Figure 2.64 is a schematic representation of the antalgia in 
the patient in Figures 2.61-2.63. 

White and Panjabi (141) state that lateral bending produced 
2° to 3° of motion at L5—SI, and Tan/ (187) has found that lat- 



Figure 2.54. Lateral flexion is performed by having the patient slide 
his hand down his thigh while bending laterally. 
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Disc Protrusion Medial to the Nerve Root 






Figure 2.55. Relief or aggravation of pain with lateral flexion may indicate whether the disc protrusion 
is lateral or medial to the nerve root. (Reprinted with permission from Finneson BE. Low Back Pain. 
Philadelphia: JB Lippincott, 1973:302.) 



Figure 2.56. Left lateral flexion subluxation of L5 on the sacrum is 
shown (straight arrow). Tropism can he seen at the L5-S1 level, with the 
right facets faced sagittally ( curved arrow) and left facets faced coronally 
(open arrow). 



Figure 2.57. Left lateral flexion view of the patient seen in Figure 
2.56. Good lateral mobility of each functional spinal unit is shown. Note 
the left lateral flexion subluxation of L5 on the sacrum (arrow). 


Figure 2.58. Right lateral 
2.56. Note static subluxation 
eral movement of 13 on L4ai 



Figure 2.59. 
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Figure 2.62. Right lateral flexion view showing Lovett-positive curve 
with spinous deviation into the concavity of the curve (arrows). 


cral bending produces 7° to 8° of motion at L4-L5 and L3—L4. 
The greater mobility at the L4— L5 level than at the L5-S1 level 
would help to account for the greater lateral subluxation oc¬ 
curring in disc protrusions. 

Figures 2.65—2.67 are studies of an L4— L5 left medial disc 
protrusion. Figure 2.65 is the neutral PA view of LA— L5 and 
shows L4 in left lateral flexion subluxation on L5. The patient 
has left L5 dermatome pain indicative of a left L4—L5 medial 
disc lesion. Figure 2.66 is the left lateral bending study of the 
lumbar spine, with good lateral bending shown above L4—L5. 
Figure 2.67 is the right lateral bending study, and it shows fail¬ 
ure of lateral flexion of L4 on L5. This is a fixation hypomobile 
discogenic subluxation. Note the motion of the lumbar levels 
above LA— L5 to the right. 

Figures 2.68—2.70 are schematic representations of antalgia 
in the patient in Figures 2.65—2.67. 


Lovett Reverse Scoliosis 

Figure 2.71 is a standing AP lumbopelvic view of a patient who 
has had two myelograms for persistent low back and right leg 
first sacral dermatome pain. This radiograph, if read alone, 
might be interpreted as being relatively erect, with no spinal 
unit subluxation patterns. Tropism is seen at L5—SI, w ith the 
right facet being sagittal and the left facet being coronal. 

Figure 2.72 reveals normal lateral bending to the left. The 
spinous processes deviate to the concavity on the left and the 
bodies on the right. 

Figure 2.73, however, is most informative; without it, mis¬ 
interpretation of this spine w ould have occurred. In this right 
lateral flexion study, a Lovett reverse curve is show n. The spin¬ 


ous processes deviate to the convexity on the left, and the bod¬ 
ies deviate to the concavity on the right. Some right lateral flex¬ 
ion of L4 on L5, of L3 on L4, and of L2 on L3, but also marked 
inferiority of the right hemipelvis, is found on right lateral 
bending. 

Figure 2.74 is a repeat right lateral bending study of the 
same patient as in Figure 2.73 following 2 weeks of flexion- 
distraction manipulation. Now the spinous processes deviate 
to the midline, and the pelvis no longer is inferior on lateral 
bending. 

Study of lateral flexion in patients with herniated discs 
causes reflection of the role of the triple joint complex (the in¬ 
tervertebral disc and tw o facet joint pairs at a given spinal level) 
in low back pain (188). Disc herniation is the single greatest 
cause of disability; disc herniation is the most common cause of 
low back pain and acute sciatica (189); and disc problems are 
by far the most common cause of back ailments (190). 


Nerve Root Origin from Cauda Equina 

A discussion of the normal anatomic relationship of the nerve 
root origin from the dural sac and its ultimate exit via its inter¬ 
vertebral foramen is in order before proceeding. The adult 
spinal cord ends at the level of LI—L2 at the conus medullaris, 
continuing caudally as the Hlum terminale to attach at the back 
of the coccyx. The filum terminale is encased in dura mater to 
the level of S2. At each vertebral level, a pair of nerve roots 
leave the dural sac, with each enclosed by dural nerve root 



Figure 2.63. Left lateral flexion view showing Lovett failure curve 
with failure of the lumbar bodies to flex left and the spinous processes ro¬ 
tating left (arrows). 
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Figure 2.64. A. Schematic of L5 right medial disc protrusion in relation to the right SI nerve root. B. 
The patient leans right to move the nerve root away f rom the disc (i.e., the patient leans into the side of 
the pain [right side] to relieve the pressure from an L5 disc protrusion medial to the SI nerve root). 



Figure 2.65. Posteroanterior view of the lumbar spine shows left lat 
eral subluxation of L4 on L5 (arrow). 


Figure 2.66. Left lateral flexion view showing normal lateral flexion 
mechanics. All segments have spinous process rotation into the concave 
side (Lovett-positive motion) (arrows). 
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Figure 2.67. Right lateral flexion view. L4 fails to laterally flex right 
on 1,5. The spinous processes do not rotate right (Lovett motion failure) 
(arroivs). 

sleeves. In the lumbar spine, these nerve roots pass directly 
downward, forming the caude equina surrounding the filum 
terminale, until their eventual exit from each respective inter¬ 
vertebral foramen. The origin of the nerve root from the dural 
sac (cauda equina) is about one segment above the exit from its 
IVF. The nerve root runs down laterally to the IVF from which 
it exits. Specifically, the fourth lumbar root exits the dural sac 
at the level of the third lumbar disc to exit the IVF one verte¬ 
bra below; the fifth lumbar nerve root exits the dural sac at the 
level of the fourth lumbar disc to exit the IVF one vertebral seg¬ 
ment below; the first sacral root exits the dural sac at the fifth 
lumbar disc level, passing down to the first sacral IVF; and the 
second sacral nerve root lies medial to SI, originating at the 
lower border of the fifth lumbar disc. 

From Figure 2.75, it can be seen that the L4nerve root can 
be compressed at its origin and course by the protrusion of the 
third lumbar disc, that the L5 nerve root can be compressed by 
the fourth lumbar disc, and that the SI and S2 nerve roots can 
be compressed by the fifth disc protrusion. 

Intradiscal Pressure Changes 

Pressure changes within the nucleus pulposus as the) relate 
to postural and physiologic stresses are shown in Figures 
2.76—2.78. From Figures 2.76 and 2.77, it can be noted that 
Dejerine triad and sitting raise the intradiscal pressure si* times 
higher than does recumbency. 



Figure 2.68. Illustration demonstrating how standing erect pulls the 
L5 nerve root into the L4 medial disc protrusion. 



Figure 2.69. Illustration demonstrating how left lateral bending pulls the 
L5 nerve root away from the L4 medial disc protrusion and relieves pain. 



Figure 2.70. Illustration demonstrating how right lateral bending 
pulls the L5 nerve root into the left 14 medial disc protrusion and aggra¬ 
vates pain. 
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Figure 2.71. Posteroantcrior neutral view of the lumbar spine that ap¬ 
pears free of lateral curvature. 



Figure 2.72. Left lateral flexion view of the patient seen in Figure 
2.71. Normal Lovett-positive motion is shown with spinous processes 
rotated to the concave side (arrows on spinous processes). 



Figure 2.73. Right lateral flexion of the patient shown in Figure 2.72. 
Abnormal lateral movement with spinous process deviation to the con¬ 
vex side (Lovett negative) is shown (arrows). The right hcmipelvis drops 
markedly. 



Figure 2.74. Repeat view of the patient seen in Figure 2.73 following 
2 weeks of Cox distraction manipulation. The right hemipelvis is level 
now. The spinous processes rotate to the midline instead of the convex¬ 
ity (arrows). 
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Figure 2.75. Schematic overlay of exiting cauda equina nerve roots in 
relation to the vertebral column and disc level. 


Changes in the Intervertebral Disc 

Turek (191) states that the anulus hbrosus begins to show con¬ 
centric cracking and cavitation in children as young as age 1 5. 
This dehydration and cracking of the anulus can progress silently 
for many years, with the nucleus bulging through these cracks, 
causing the anulus to be thin ned and weakened at its periphery. 
Relatively little force can cause the anulus to tear, allowing the 
nucleus to burst forth. Ritchie and Fahrni (192) mention that an 
ingrowth of vascular tissue takes place through the end plates, 
from the cancellous bone of the vertebral body into the nucleus 
pulposus. The fluid content of the nucleus decreases with in¬ 
creasing age until approximately 70% of the nucleus is fluid in a 
person at age 77, as compared with 88% in a newborn. This disc 
degeneration is accompanied by remodeling of the vertebral 
bodies. Herniation of the nucleus into the vertebral end plate at 
the site of vascular proliferation is termed “Schmorl’s node.” 
Rupturing of the nuclear material anteriorly and laterally results 
in periosteal proliferation or osteophyte formation. 

This thinning of the intervertebral disc is accompanied by 
changes in the facet articulations as well. The facet joints lose 
their spacing as their articular cartilage shows degenerative 
changes because of the stress encountered by disc degenera¬ 
tion. The facets lose their gliding motion of one upon another, 
and the synovium undergoes hypertrophic proliferation, typi¬ 
cally known as “osteoarthrosis.” This former condition, in¬ 
volving the loss of intervertebral disc height and the accompa¬ 
nying osteophytic and subchondral sclerotic changes, has been 
termed “discogcnic spondylosis.” The latter condition, involv- 



Figure 2.76. Relative change in pressure (or load) in the third lumbar 
disc in various positions in living subjects. (Reprinted with permission 
from Nachemson AL. The lumbar spine, an orthopaedic challenge. Spine 
1 976; 1 (1): 61.) 



Figure 2.77. Relative change in pressure (or load) in the third lumbar 
disc in various maneuvers in living subjects. (Reprinted with permission 
from Nachemson AL. The lumbar spine, an orthopaedic challenge. Spine 
1 976; 1 (1): 61.) 



Figure 2.78. Relative change in pressure (or load) in the third lumbar 
disc in various muscle-strengthening exercise in living subjects. 
(Reprinted with permission from Nachemson AL. The lumbar spine, an 
orthopaedic challenge. Spine 1976; 1 (1 ):61.) 

B 

ing facet arthrosis, is consequently termed “discogenic spon- 
dyloarthrosis.” Changes of the two articular facets and the disc 
(triple joint complex) are outlined in Figure 2.79. 
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Clinical Picture of Disc Degeneration 

Yong-Hing and Kirkaldy-Willis (193) describe three clinical 
stages in the natural history of spinal degeneration. 

1. Dysfunction. In the beginning little pathology is demon¬ 
strated. Findings are subtle or absent, and conservative care 
is highly successful. Lumbago and rotatory strain are com¬ 
monly diagnosed. 

2. Instability. Abnormal movement of the motion segment of 
instability exists. Patient complaints are more severe, and 
objective findings are present. Conservative care is used and 
sometimes surgery is required. 

3. Stabilization. Severe degenerative changes of the disc and 
facets reduce motion, and improvement may be experi¬ 
enced. Stenosis is now probable. 

Nachemson’s (5) findings agree with the second and third 
stages; he says that histologic signs of arthritis have been 
demonstrated in the facet joints late in life and always sec¬ 
ondary to degenerative change in the disc. 

It should be remembered that both the disc and the articu¬ 
lar facet are capable of producing low back pain. It is interest¬ 
ing to study the work of Lora and Long (194), who were able 
to trace scleratogenous pain when various facet levels of the 
lumbar spine were irritated. L5—SI facet stimulation resulted 
in referred pain to the coccyx, hip, posterior thigh, groin, in¬ 
guinal ligament, and perineum; L4-L5 facet stimulation re¬ 
sulted in pain to the coccyx, posterior hip, and thigh; and it was 
less intense than that following irritation of the L5—SI facets. 
L3—L4 facet stimulation resulted in pain radiating upward into 


the thoracic area, flank, and anterior thigh. Irritation of the ar¬ 
ticular facets at T12, LI, L2, and L3 produced no leg or coc¬ 
cyx sensation. 

Arns et al. (195) state that the first stage of a disc lesion be¬ 
gins with nucleus pulposus protrusion into the outer rings of 
the anulus fibrosus, resulting in low back pain. This lesion is 
characterized by local pain that is increased by coughing and 
sneezing, paravertebral muscle spasm, and antalgia of the lum¬ 
bar spine. Neurologic symptoms are not present. The next 
stage involves penetration of the nucleus pulposus into the 
outer rings of the anular fibers, producing pressure on the 
spinal nerve roots, which creates radiating pain down the leg. 
Neurologic signs are now present. 

Farfan (51) has defined three stages of disc disease: 

1. Anular bulge (protrusion). 

2. Facet arthrosis as the disc thins and extrudes. 

3. Stenosis if stages 1 and 2 are severe, with tautening of nerve 

root. 

Disca thinning allows the pedicles of the superior vertebra 
to lower, thus compressing the nerve roots as they course to¬ 
ward the intervertebral foramen for emergence (196, 197). 
Figure 2.80 shows the normal pedicle-nerve root relationship, 
and Figure 2.81 shows the relationship between the narrowed 
disc and the pedicle compression of the nerve root. Thus, an¬ 
other reason can be seen for the constant back and sciatic pain 
before and after a surgical procedure. Note, also, the effect of 
short, thickened pedicles in conjunction with disc thinning, 
which further narrows the vertebral canal. 
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Figure 2.79. Pathogenesis of the nerve root entrapment syndrome. (Reprinted with permission from 
Keim HA, Kirkaldy-Willis WH. Clinical symposia. Ciba Found Symp 1980;3 2(6):89. Copyright 1980. 
Novartis. Reprinted with permission from clinical symposia, 32/6, illustrated by Frank H. Netter, MD. 
All rights reserved.) 
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Figure 2.80. Normal pedicle to nerve root distance. 



Figure 2.81. Tethering of the nerve root as the pedicle settles down 
upon it and as the disc space narrows or hvpcrcxtcnsion subluxation of 
the superior vertebral arch occurs. 

PHYSIOLOGIC AND ABNORMAL 
LUMBAR MOTIONS 

Centrode Locations in Lumbar Kinematics 

To start the discussion of lumbar mechanics, let us begin with 
axis motion study. The path traced by the instantaneous axis of 
rotation of the intervertebral disc, termed its “centrode,” was 
studied in varying stages of disc degeneration. The centrodes of 
normal discs were compared with the degenerative state in 47 
cadaveric spines, 22 of which were also evaluated with axial 
loading. The normal disc centrode fell within the posterior half 
of the discspace (Fig. 2.82) and averaged 21 mm in length in 1 0 
specimens. In the earliest stages of degeneration, the centrode 
lengths increased significantly (average, 1 16 mm) (Fig. 2 83). In 
specimens with moderate disc degeneration, the centrode also 
migrated interiorly into the L5 vertebra (Figs. 2.84-2.87). Ax¬ 


ial loading did not appear to influence centrode length or posi¬ 
tion. This technique detected 94% of unstable spines, as com¬ 
pared with flexion and extension radiographs, which detected 
25% of unstable spines by excessive mobility (198). 

From centrode location changes in discal degeneration dis¬ 
cussed above, one would question the concept that the nucleus 
pulposus moves within the anular restraints as a marble, or that 
it can be moved about under manipulation as such. The nuclear 
material seems to move out of its confi nes through radial anu¬ 
lar tears in an amoeboid or pseudopodialike fashion, and its re¬ 
turn to the interstices of the anular disc fibers must be through 
this same rent or tear. The escape of nuclear fluid through the 
tear in the anular fibers is similar to the formation of a vascular 
aneurysm. 

The nucleus pulposus is located centrally within the posterior 
compartment of the disc at the juncture of the central and poste¬ 
rior thirds. It contains various mucopolysaccharides in the form 
of glucosaminoglycan, which has the ability to imbibe fluids to 
nine times its own volume. The nucleus fills 40 to 50% of the to¬ 
tal disc area, and because of imbibition of fluids, it takes on a stiff¬ 
ness within its cells (turgor). At birth, the water content of a per¬ 
son’s disc is 70 to 90%; the content decreases as a person ages. 
The intradiscal pressures drop with loss of fluid; thus, disc her¬ 
niation occurs most often when the person is between 20 and 50 
years of age and the intradiscal pressures are greatest. 




Figure 2.82. Normal spine. A. Radiograph. B. Centrode. (Reprinted 
with permission from Scligman JV, Gcrtzbcin SI), Tile M, ct al. Com¬ 
puter analysis of spinal segment rotation in degenerative disc disease with 
and without axial loading. Spine 1984;9(6):569.) 
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T15 Minor 



Figure 2.83. Minor degenerative disc disease. A. Radiograph and 
discogram. B. Centrodc. (Reprinted with permission from Seligman JV, 
Gertzbein SD, Tile M, et al. Computer analysis ol spinal segment motion 
in degenerative disc disease with and without axial loading. Spine 
I 984;9(6): 569.) 


The anulus hbrosus contains the nucleus pulposus by con¬ 
centric laminated bands ofhbrous tissue, which gradually form 
at the boundary of the nucleus without a sharp area of differ¬ 
entiation (Fig. 2.88). Sharpey’s fibers attach the anular fibers to 
the end plates in the inner area and to the osseous tissue in the 
periphery. 


Rotation Mechanics of the Lumbar Spine 

Rotation of the lumbar spine is precluded by the action of the 
facet processes aligned across the path of rotation, blocking the 
movement. The knowledge that rotation occurs invites an expla¬ 
nation. Aldiough the effective rotation contributed by each lum¬ 
bar segment in the total vertebral movement not great, it adds up 
to a marked capability, often acknowledged only when a patient 
experiences its loss. Rotation primary spin is expected to occur 
about a center of motion dominated by the disc until the oppos¬ 
ing facet makes contact and resists further movement across the 
facet plane. With increased torque, one expects a migration of 
the center of motion to occur toward the resisting facet and, us¬ 
ing diis as a fulcrum, a pseudospin would tend to occur as a result 
of lateral shear or displacement of the disc (Fig. 2.89) (199). 


Rotation is felt to be a complex motion facilitated by the ef¬ 
fective shape of the articular surface of the disc—an arcuate 
motion that occurs across the disc and is associated with swing 
in both the lateral and anteroposterior planes. The interverte¬ 
bral disc is the primary articulation in the vertebral column, 
composed of a joint with about three degrees of freedom. This 
allows both spin about a mechanical axis and swing of the me¬ 
chanical axis in two mutually independent directions, for ex¬ 
ample, in the anteroposterior and lateral planes (Fig. 2.90) 
(199). 

The posterior complex, particularly the architecture of the 
posterior facet joints, acts as a control mechanism both to re¬ 
strict the motion of the primary articulation and to control the 
motion to satisfy the anatomic requirements for motion of the 
segment while retaining segment strength and stability. 

A centrode, rather than a single point, indicates that the ar¬ 
ticular surface has a varying curvature; one would expect the 
disc to articulate as if it were flat, and avoid diarthrosis, as 
shown schematically in Figure 2.91. 

The disc has a potential for three degrees of freedom. Lat¬ 
eral flexion is accompanied by rotation in a monodal move- 



Figure 2.84. Mild degenerative disc disease. A. Radiograph and 
discogram. B. Centrode. (Reprinted with permission from Seligman JV, 
Gertzbein SD, Tile M, et al. Computer analysis of spinal segment motion 
in degenerative disc disease with and without axial loading. Spine 1 984; 
9(6):570.) 
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T8 Moderate 



Figure 2.85. Moderate degenerative disc disease. A. Radiograph and 
discogram. B. Centrode. (Reprinted with permission from Seligman JV, 
Gertzbein SI), Tile M, et al. Computer analysis of spinal segment motion 
in degenerative disc disease with and without axial loading. Spine 
1984;9(6):570.) 

mcnt. The posterior elements of the motion segment cause ro¬ 
tatory movement during both flexion and lateral flexion, as 
shown in Figure 2.92. 

Summary of Lumbar Mechanics 

The bony parts and soft tissues of a cross section of the lumbar 
spine can be divided into anterior and posterior elements. The 
dividing line is just behind the vertebral body, with the body, 
the disc, and the anterior and posterior longitudinal ligaments 
lying anteriorly. The neural arch with its processes, the inter¬ 
vertebral (apophyseal or facet) joints, and the different liga¬ 
ments attached to the bony elements lie posteriorly. The back 
muscles are distributed mainly lateral and posterior to the 
neural arch, but anterolateral muscles are also present (200). 

Division is not merely anatomic but has a functional (me¬ 
chanical) purpose. The anterior elements provide the major 
support of the column and absorb various impacts; the poste¬ 
rior structures control patterns of motion. Together they pro¬ 
tect the dural content, which is surrounded by the neural arch. 


Being synovial in nature, these joints undergo degenera¬ 
tive changes with aging. These changes are usually secondary 
to disc degeneration and, therefore, occur later in life. It is 
obvious that the decrease of intervertebral disc height ac¬ 
companying degeneration has an effect on the apophyseal 
joints in stress distribution. It is germane, therefore, to pos¬ 
tulate on the importance of mechanical factors in degenera¬ 
tive changes. The importance of mechanical factors to these 
changes is also indicated by the fact that severe osteoarthritis 
of the apophyseal joints is common in the presence of scolio¬ 
sis, kyphosis, blocked vertebrae, spondylolisthesis, and ver¬ 
tebral body collapse. 

Normal function of the apophyseal joints is important in sta¬ 
bilizing the motion segment and in controlling its movement, 
thus protecting the discs and ligaments. Loads applied to the 
lumbar spine are normally shared between the joints and discs. 
This load sharing can be influenced by the type of loading, the 
geometry of the motion segment, and the stiffness of the par¬ 
ticipating structures (200). 



D4 Severe 



Figure 2.86. Severe degenerative disc disease. A. Radiograph and 
discogram. B. Centrode. (Reprinted with permission from Seligman JV, 
Gertzbein SD, Tile M, et al. Computer analysis of spinal segment motion 
in degenerative disc disease with and without axial loading. Spine 
19849(6):571.) 
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Figure 2.87. Axial loading. Thick lines represent centrodes from unloaded runs. Thin lines represent cen- 
trades from axial-loaded runs (70 lb). On each figure all four centrodes are from the same spine. A. Nor¬ 
mal spine. B. Minor spine. C. Mild spine. D. Moderate spine. E. Severe spine. The terms minor, mild, 
moderate, and severe refer to the degenerative state of the disc. (Reprinted with permission f rom Selig- 
man JV, Gertzbein SD, Tile M, et al. Computer analysis of spinal segment motion in degenerative disc dis¬ 
ease with and without axial loading. Spine 1984;9(6):572.) 


Miller etal. (201) have reported on the manner in which the 
intervertebral disc and the posterior elements share loads 
placed on the lumbar motion segment. For their report they 
used a two-dimensional biomechanical model to examine this 
load sharing. The model incorporated two rigid bodies to rep¬ 
resent the vertebrae and six elastic springs to represent the tis¬ 
sues of the IVD and the posterior elements. Compression loads 
were resisted almost totally by the model IVD, but both the 
intervertebral disc and the posterior elements contributed 
substantially to resisting anteroposterior shear and flexion- 
extension loads. Motion segment morphology was a major de¬ 
terminant of load sharing in the model disc response to antero¬ 
posterior shear. 

Both the intervertebral disc and the apophyseal (facet) joints 
of low lumbar motion segments are suspected sources of low 
back pain. When a low back disorder occurs, pain is aggravated 
by some physical activities but not by others. Different physi¬ 
cal activities impose different loads on both the disc and the 


facets; perhaps pain aggravation is related to those loading pat¬ 
terns. Hence, it is important to know how much of a load im¬ 
posed on a motion segment is distributed to the IVD, how 
much is distributed to the apophyseal joints, and what the de¬ 
terminants of that distribution are. 

Range of Internal Loads 

Miller further states that provided facets were present, a shear 
force applied to the motion segment was resisted primarily by 
a combination of intervertebral disc shear and facet compres¬ 
sion or tension. The portion of the overall shear resistance 
contributed by disc shear versus that contributed by facet ten¬ 
sion compression depended little on how far posterior to the 
disc the facets were but depended greatly on their superior- 
inferior ocation. When the facets were low, almost all of that 
resistance was provided by shearing of the IVD. When the 
facets were high, each mechanism contributed substantially to 
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ANULUS 

LAMINATES 



Figure 2.88. Intervertebral disc. A. This photograph ol a disc clearly shows the annular libers and their 
orientation. B. The disc consists ol a nucleus pulposus surrounded by the anulus, which is made ol con¬ 
centric laminated bands ol annular libers. In any two adjacent bands, the fibers are oriented in opposite di¬ 
rections. C. The fibers are oriented at about ± 30° with respect to the placement ol the disc. (Photograph 
courtesy ol Dr. Leon Kazarian.) (Reprinted with permission from White A A, Panjabi MM. Clinical Bio¬ 
mechanics of the Spine. Philadelphia: Lippincott-Raven, 1978:3.) 
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Figure 2.89. “Accessory rotation” clue to lateral disc shear. (Reprinted 
with permission from Scull ER. Joint biomechanics and therapy: contri¬ 
bution or contusion? In: Glasgow EF, Twomcy LT, Scull ER, ct ah, cds. 
Aspects ol Manipulative Therapy. New York: Churchill-Livingstonc, 
1985:9-12.) 



Figure 2.90. Three degrees ol freedom ol the isolated IV disc. A. 
Model ol the isolated disc without posterior elements. B. Lateral swing. 
C. Anterior/posterior swing. D. Rotation or spin. (Reprinted with per¬ 
mission from Scull ER. Joint biomechanics and therapy: contribution or 
contusion? In: Glasgow EF, Twomcy LT, Scull ER, ct aL, cds. Aspects ol 
Manipulative Therapy. New York: Churchill-Livingstonc, 1985:9—12.) 


the total resistance. Thus, in response to a large anteroposte¬ 
rior shear force, both the IVD and the facet joints can be 
loaded lightly to moderately, or they can he loaded heavily. 
Which circumstance occurs seems to depend primarily on the 
location of the facets relative to the disc in the superior 
inferior direction (201). 

Facet inclination angle did not seem critical to motion seg¬ 
ment response. When the facets were tilted 20° from the 
frontal plane, they were compressed 300 N at most in response 
to the 2500 N compression force. When the facets were tilted 
only 5°, they were compressed 1 20 N at most. That is, jacet in¬ 
clination angle had only a modest ejject on compression response. In 
response to the 500 N shear force, changing the superior 
inferior location of the facets by 2 cm caused about three times 
the change in load sharing between disc shear and facet inclina¬ 
tion of 1 5° (201). 

Conclusions 

Findings (201) suggest that when loads typical of those experi¬ 
enced in vivo are applied to a lumbar motion segment, the fol¬ 
lowing occur: 

1. The apophyseal joints are not loaded heavily by compression 
or flexion-extension loads but can be heavily loaded by an¬ 
teroposterior shear loads. 

M/A 



Figure 2.91. The effective articulation ol the intervertebral disc. 
(Reprinted with permission from Scull ER. Joint biomechanics and 
therapy: contribution or contusion? In: Glasgow EF, Twomcy LT, Scull 
ER, ct aL, cds. Aspects ol Manipulative Thcrapv. New York: Churchill- 
Livingstonc, 1985:9—12.) 
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Figure 2.92. Motion of the IV disc with posterior coupling. A. Model 
of the disc with posterior coupling. B. Lateral chordal swing without 
coupling. C. Lateral chordal swing and adjunct rotation initiated by 
posterior coupling. D. Combined lateral and anterior/posterior (A/P) 
swing movement with posterior coupling. (Reprinted with permission 
from Scull ER. Joint biomechanics and therapy: contribution or conf u¬ 
sion? In: Glasgow EF, Twomcy LT, Scull ER, ct al., cds. Aspects of Ma¬ 
nipulative Therapy. New York: Cfuirchill-Livingstone, 1985:9—12.) 


2. Resistance developed by the apophyseal joints is not effec¬ 
tive in relieving loads on the intervertebral disc when the 
motion segment is compressed. It can be effective in reliev¬ 
ing the disc, however, when the segment is flexed, ex¬ 
tended, or anteroposteriorly sheared. 

3. In response to anteroposterior shear loads, the location of 
the facet joints relative to that of the intervertebral disc in 
the superior—inferior direction is a major determinant of 
what loads each structure will bear. 

Pathologic, experimental, and clinical studies indicate that 
excessive strain concentration can occur in the posterior ele¬ 
ments of the spine, and they can be increased by extension. 
These strains can cause small fractures in this region and can be 
responsible for episodes of back pain. Diagnosis of these frac¬ 
tures is usually missed. 

Under compressive load, the highest compressive strains 
were recorded near the bases of the pedicles and deep surfaces 
of the pars interarticularis (202). 

Experiments carried out on cadaveric lumbar spines to de¬ 
termine the mechanical function of the apophyseal joints (203) 
found that in lordotic postures the apophyseal joints resist most 
of the intervertebral shear force and share in resisting the in¬ 
tervertebral compressive force. Apophyseal joints prevent ex¬ 
cessive movement from damaging the discs. The posterior an- 


ulus is protected in torsion by the facet surfaces and in flexion 
by the capsular ligaments. 

Recent experiments performed on cadaveric spines have de¬ 
termined the mechanical properties of the apophyseal joints 
when they are subjected to loading regimens calculated to sim¬ 
ulate movements and postures in life. This experimental evi¬ 
dence has been collated to give a concise account of the me¬ 
chanical f unction of the apophyseal joints and to indicate under 
what circumstances they might sustain damage. 


NORMAL DISC AND APOPHYSEAL JOINT 
ANATOMY AND PHYSIOLOGY 

Normal Kinematics of the Lumbar Spine 

Structural physiology begins with an understanding of normal 
spinal mechanics. Panjabi and White measured ranges of active 
flexion and extension, axial rotation, and lateral bending have 
been measured in the lumbar spines of normal volunteers in 
vivo, and assessed the relation between the primary and ac¬ 
companying movements in the other planes (204). 

Movements of flexion and extension of the L5—SI level 
were greater than at the other levels. On inspection, it was ap¬ 
parent that some subjects flexed more than they extended at 
L5—SI, whereas the others extended more than they flexed. 
L5—SI does not demonstrate a consistent range of motion pat¬ 
terns, although the total range of flexion plus extension remains 
similar. Lateral bending at L4-L5 is markedly limited com¬ 
pared with the upper three lumbar levels. 

During voluntary flexion and extension, little accompanying 
rotation or lateral flexion is found. In axial rotation, a consistent 
pattern of accompanying lateral flexion is seen. At the upper 
three lumbar levels, axial rotation is accompanied by lateral 
flexion in the opposite direction. That is, if the voluntary axial 
rotation is to the right, the accompanying lateral bend is to the 
left, and vice versa. Any lateral bending occurring at L5—SI is 
always in the same direction as the axial rotation (204). 

Magnitude of accompanying axial rotation during lateral 
bending suggests that the lumbar spine is also twisted to its limit 
in the opposite direction during this maneuver. In voluntary 
axial rotation, the accompanying lateral bends were generally 
one half to two thirds of the full range seen in voluntary lateral 
bending. 

The L4—L5 level is a transition point for coupled axial rota¬ 
tion and lateral bending. Because L4-L5 also has the greatest 
degree of flexion and extension in the lumbar spine, it is felt 
that this joint experiences higher stresses than the other lumbar 
levels, which provides a mechanical reason for L4—L5 to have 
the highest incidence of intervertebral joint pathology. 

Ten degrees of lateral bending occurs in the upper three 
lumbar levels, whereas significantly less movement—6° and 
3°—is found at the L4—L5 and L5—SI levels, respectively. 

In flexion and extension, accompanying axial rotation of 2° 
or greater and lateral bending of 3° or greater occur rarely, 
and any greater degree of rotation should be considered ab¬ 
normal (204). 
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Weightbearing Changes in the Disc 

The disc bears vertical axis weight and distributes it tangentially 
to the anular fibers. It also bears tensile stresses at the anular 
fibers during rotation motion. The nucleus bears the vertical 
load and the anular fibers bear the tangential load in a normal 
disc. Degeneration causes redistribution of the loading mecha¬ 
nism, with the anular fibers bearing most of the vertical load. 

On compression loading, the cartilaginous end plate is most 
susceptible to fracture, allowing rupture of nuclear material 
into the cancellous bone (Schmorl’s nodes). The vertebral 
body (Fig. 2.93) is next most susceptible to fracture. An audi¬ 
ble crack is heard as the body gives way, occurring at com¬ 
pression loads of 1000 to 1700 pounds in young specimens and 
at as low 300 pound loads in older specimens. With the anulus 
intact, the disc will not compress without vertebral compres¬ 
sion. (1 34). 

Others (204) also observed that even if posterolateral inci¬ 
sions were made in the anulus fibrosus all the way to the nu¬ 
cleus and then loaded in compression, little change would be 
seen in the elastic properties of the anulus and definitely no disc 
herniation would occur. 

Rotational Changes in the Disc 

In the lumbar spine, the axis of rotation is between the articu¬ 
lar facets in the arch of the vertebra, with the anular fibers re¬ 
sisting the axial shearing stresses (Fig. 2.94). On flexion and 
extension, the axis of rotation passes close to or within the nu- 



Figure 2.93. A. The cartilaginous end plates are most susceptible to 
spinal compression. B. The vertebral body is the second most suscepti¬ 
ble unit of the spine. C. The normal nucleus pulposus and anulus fibro¬ 
sus are least susceptible to pressure. (Reprinted with permission from 
Finneson BE. Low Back Pain, 2nd ed. Philadelphia: JB Lippincott, 
1980:39.) 


Posterior 




Figure 2.94. Mechanism of axial rotation in a thoracic (left) and a lum¬ 
bar (right) vertebra. (Reprinted with permission from Finneson BE. Low 
Back Pain, 2nd ed. Philadelphia: JB Lippincott, 1980:34.) 

cleus pulposus, so that for the most part the nucleus pulposus 
can be considered the center of motion in a sagittal plane. 

Gregersen and Lucas (206) studied axial rotation of the 
spine while the trunk was rotated from side to side. Approxi¬ 
mately 74° of rotation occurred between T1 and T2, and the 
average cumulative rotation from the sacrum to T1 was 102°. 
Little rotation occurred in the lumbar spine, as compared with 
that in the thoracic spine; again, this is a reflection of the ori¬ 
entation of the facet joints. Measurements of rotation obtained 
during walking indicated the following (206): 

1. Pelvis and the lumbar spine rotate as a functional unit. 

2. In the lower thoracic spine, rotation diminishes gradually up 
to T7. 

3. T7 represents the area of transition from vertebral rotation 
in the direction of the pelvis to rotation in the opposite di¬ 
rection, that of the shoulder girdle. 

4. Amount of rotation in the upper thoracic spine increases 
gradually from T7 to T1. 

Lumsden and Morris (207) measured axial rotation at the 
lumbosacral level in vivo and found that approximately 6° of 
rotation occurred at this level during maximal rotation. Ap¬ 
proximately 1.5° of rotation occurred during normal walking. 
Rotation at L5—SI was not measurably affected by asymmetri¬ 
cally oriented facets (tropism); it has always been associated 
with flexion of L5 on the sacrum. 

White and Panjabi (141) state that the disc anulus supports 
two types of stress—the normal or perpendicular and the 
shearing or parallel. Shear stresses are greater in magnitude, 
and no provision is made for resisting shear stress in the way 
that anular fibers resist normal perpendicular stresses by the al¬ 
ternating anular layers. Thus, the risk of disc failure is greater 
with tensile loading than with compression loading. 

When a disc is subjected to torsion, shear stresses occur in 
the horizontal as well as the axial plane. The magnitude of these 
stresses varies in direct proportion to the distance from the axis 
of rotation (Fig. 2.95). The stresses at 45° and 60° to the hor¬ 
izontal are shown in Figure 2.95. Shear stresses that are per¬ 
pendicular to the fibers’ direction may produce disc failure. 
The application to proper lifting (Fig. 2.96) can be considered 
with the above tensile stress failures. 





76 Low Back Pain 



AXIAL 

SHEAR 

STRESS 


horizontal 


STRESS 




Figure 2.95. Disc stresses with torsion. A. Application of a torsional load to the disc produces shear 
stresses in the disc. These are in the horizontal plane as well as in the axial plane, and both are always of 
equal magnitude. They vary, however, at different points in the disc in proportion to the distance from the 
instantaneous axis of rotation. B. At 45° to the disc plane, the stresses are normal (i.e., no shear stresses). 
At 60° to the disc plane, perpendicular to the annular fibers, however, both types of stresses are present, 
normal as well as shear. The normal stresses are efficiently taken up by the annular fibers. (Reprinted with 
permission from White A A, Panjabi MM. Clinical Biomechanics of the Spine. Philadelphia: JB Lippincott, 
1978:16.) 
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Figure 2.96. Diagram of the ergonomics of proper lifting. The load on the discs is a combined result of 
the object weight, the upper body weight, the back muscle forces, and their respective lever arms to the 
disc center. On the left, the object is farther away from the disc center, compared with the object on the 
right. The lever balances at the bottom show that smaller muscle forces and disc loads are obtained when the 
objectiscarricdnearertothedi.se. (Reprinted with permission from White AA, Panjabi MM. Clinical Bio¬ 
mechanics of the Spine. Philadelphia: JB Lippincott, 1978:3 31.) 


Disc Resistance to Force 

Resistance to Intervertebral Shear Force 

Adams and Hutton (208) report that when an intervertebral 
joint is loaded in shear (Fig. 2.97/1), the apophyseal joint sur¬ 
faces resist about one third of the shear force, and the disc re¬ 
sists the remaining two thirds. However, this passive resistance 
to shear is complicated by two features. First, when an inter¬ 
vertebral disc alone is subjected to sustained shear, it readily 
creeps forward. In an intact joint, this readiness to creep would 
manifest as stress relaxation, thus placing an increasing burden 
on the apophyseal joint surfaces until, in the limit, they would 
resist all of the intervertebral shear force. Second, the muscle 
slips attached to the posterior part of the neural arch brace it by 
pulling downward. This prevents any backward bending and 
brings the facets more firmly together. This means that, in the 
intact joint, the intervertebral disc is subjected only to pure 
compression and that the intervertebral shear force is resisted 
by the apophyseal joints, producing a high interfacet force. 

Resistance to Intervertebral Compressive Force 

Absence of a flattened articular surface in the transverse plane 
at the base of the articular facets clearly suggests that apophy¬ 


seal joints are not designed to resist intervertebral compressive 
force. Experiments (208) confirm that, provided the lumbar 
spine is slightly flattened (as occurs in erect sitting or heavy lift¬ 
ing), all the intervertebral compressive force is resisted by the 
disc. However, when lordotic postures, such as erect standing, 
are held for long periods, the facet tips do make contact with 
the laminae of the subadjacent vertebra and bear about one 
sixth of the compressive force (Fig. 2.97 B). 

Contact may well be of clinical significance, because it will 
result in high stresses on the tips of the facet and, possibly, nip¬ 
ping of the joint capsules (Fig. 2.98). Perhaps this is why stand¬ 
ing for long periods can produce a dull ache in the small of the 
back that is relieved by sitting or by using some device, such as 
a bar rail, to induce slight flexion of the lumbar spine. Disc nar¬ 
rowing results inasmuch as 70% of the intervertebral com¬ 
pressive force being transmitted across the apophyseal joints. 

With increasing extension of an intervertebral joint, the com¬ 
pression force transmitted across the apophyseal joints increases, 
and it is likely that the extension movements are limited by this 
bony contact. Thus, it is possible that hyperextension movements 
could cause backward bending of the neutral arch, eventually re¬ 
sulting in spondylolysis, but again only as a fatigue fracture. 
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Figure 2.97. The apophyseal joint and the intervertebral disc share in 
resisting shear (.S’) and compression (C). (Reprinted with permission from 
Adams MA, Hutton WC. The mechanical function ol the lumbar apophy¬ 
seal joints. Spine 198 3;8( 3): 328.) 

Resistance to Flexion 

Capsular ligaments of the apophyseal joint play the dominant 
role in resisting flexion of an intervertebral joint. In full flex¬ 
ion, as determined by the elastic limit of the supraspinous and 
interspinous ligaments, they provide 39% of the joint’s resis¬ 
tance. The balance is made up by the disc (29%), the supra¬ 
spinous and interspinous ligaments (1 9%), and the ligamentum 
flavum (1 3%) (208). 

Effects of Posture on the Lumbar Spine 

Current ideas on what constitutes “good posture” are rather 
vague. The usual advice, possibly based on esthetic and military 
traditions, is to “sit up straight” and “don’t slouch.” Paradoxi¬ 
cally, sitting up straight is taken to mean sitting with a umbar 
lordosis and not allowing the lumbar spine to flex and flatten its 
curve (209). 

As far as the lumbar spine is concerned, no reliable evidence 
indicates that sitting up straight is, in fact, beneficial. On the 
contrary, population studies have shown that lumbar disc de¬ 
generation is rare among people who habitually sit or squat in 
postures that flatten the lumbar spine. Such postures are in¬ 
stinctively assumed by children and by many adults. If these nat¬ 
ural preferences are to be discouraged and advice given on pos¬ 
ture, then such advice should be founded on scientific evidence. 

Posture and the Loading of the Apophyseal Joints 

Apophyseal joints stabilize the spine and protect the discs from 
both excessive flexion and axial rotation. They also plav a ma¬ 
jor role in resisting shear and compressive forces, although this 
varies considerably with posture. 

In the erect posture, the apophyseal joints resist most of the 
shear force acting on the spine, as well as about 16% of the 
compressive force. The resulting stress between the articular 
surfaces is concentrated in the lower margins of the joint. If the 
disc is unusually narrow and degenerate, the facets can come 
into close apposition and then resist up to 70% of the com¬ 
pressive force on the spine. 

In the flexed posture, the apophyseal joints resist the shear 
force but now play no part in resisting the intervertebral com¬ 


pressive force. Stress between the articular surfaces is lower 
than in the erect posture, and it is concentrated in the middle 
and upper parts of the joint. In the flexed posture no extra- 
articular impingement occurs (209). 

Posture and the Loading of the Intervertebral Disc 

Intervertebral discs and vertebral bodies comprise the main 
weightbearing column of the lumbar spine. Posture af fects the 
way this column resists the loads applied to it but has little ef¬ 
fect on the magnitude of these loads. 

Under load, an unwedged disc tends to behave as a hydro¬ 
static body exerting a uniform compressive stress on the verte¬ 
bral end plates. By wedging a disc, this is complicated slightly: 
young nondegenerate discs remain hydrostatic, but mature and 
degenerate discs sustain pressure gradients. This means that 
when a mature disc is wedged in the erect posture, the highest 
compressive stresses are transmitted through the posterior an¬ 
il lus and the lowest through the anterior anulus. Similarly, in 
flexed postures the highest compressive stresses are transmit¬ 
ted through the anterior anulus and the lowest through the pos¬ 
terior anulus (209). 

Fluid flow is caused by pressure changes on the disc. High 
pressure causes fluid to be expelled from the disc, whereas low 
pressure (e.g., lying down) allows the proteoglycans in the disc 
to suck in fluid from surrounding tissue. Flexed postures in¬ 
crease this fluid exchange because they cause more fluid to be 
expelled from the disc than do erect postures. 

Flexion Effects on the Facet and Disc 

Advantages and disadvantages of flexing the lumbar spine are 
summarized here. Let us first consider the advantages (209). 

Advantages 

Reducing the high stresses that can be found on the tips of the 
facet joints may well be significant. In a lordotic posture, the 
stress between the facet surfaces can exceed the peak levels 
found in the articular cartilage of the hip and knee, and it may 
be responsible for the high incidence of osteoarthritis in these 
joints. Advantages of flexion include: 

• Reduced stresses at the apophyseal joints 

• Reduced compressive stress on the posterior anulus 

• Improved transport of disc metabolites 

• High compressive strength of the spine 

Disadvantages 

The disadvantages of flexion include: 

• Increased compressive stress on the anterior anulus 

• Increased hydrostatic pressure in the nucleus at low load 
levels 

How Do Discs Absorb Compressive Loads? 

Discs absorb shock by squeezing fluid out of the nucleus and by 
allowing the fibers of the outer shell to stretch. Studies of disc 
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fibers suggest that they have only limited elasticity and can only 
stretch to 1.04 times their initial length before suffering ir¬ 
reparable damage. When the disc is compressed, for instance 
when we lift a heavy object or jump f rom a great height and land 
on our feet, this limited elasticity does not present a major prob¬ 
lem. Indeed, when we arc standing upright, the disc fibers can 
take 10 times as much compression as can the vertebrae them¬ 
selves, so a heavy load will crush hones before it ruptures a disc. 

Disc fibers are less able to cope with torsion than with com¬ 
pression because with torsion the stress concentrates at points 
of maximal curvature. Because the disc shell is made of layers 
of fibers that lie obliquely to each other in a crisscross pattern, 
torsion tends to shear one layer from another, further weaken¬ 
ing the total structure. As a result, we stand a much greater risk 
of damaging our discs when we try to lift an object and twist 
our body around at the same time. 

Sitting and Its Effects on the 
Intervertebral Disc 

Intradiscal pressure within the nucleus pulposus is lowest when 
the patient is recumbent and is highest when the patient is sit¬ 
ting in a flexed position. Nachemson (5) has measured the rel¬ 


ative pressure within the third lumbar disc of people in various 
positions and has found that these pressures range between 25 
and 275 as the person moves from the recumbent to the sitting 
flexed posture. 

Fahrni (210) studied a jungle population in India who squat 
rather than sit and sleep on the ground rather than in beds. 
These people had no concept of posture principles whatsoever 
hut had a zero incidence of hack pain. Furthermore, radi¬ 
ographs of the lumbar spine in 450 of these people, aged 1 5 to 
44 years, showed no incidence of disc narrowing. Thus, sitting 
is to he avoided in treatment of low hack pain, especially with 
intradiscal involvement. 

Fromelt et al. (211) found that bending, twisting, and lift¬ 
ing were the most common causes of low hack pain and disc in¬ 
jury. The ef fect of rotational instability on the lateral recess is 
shown in Figure 2.99. 

Osmotic Principles of the Disc 

The human intervertebral disc acts as an osmotic system. Wa¬ 
ter, salt, and other low-molecular weight substances penetrate 
the cartilage plates and anulus fibrosus. Content of water, 
sodium, potassium, and ashes in different regions of 69 human 
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Figure 2.98. An apophyseal joint cut through in the sagittal plane. (Reprinted with permission from 
Adams MA, Hutton WC. The mechanical function of the lumbar apophyseal joints. Spine 1983; 
8(3): 328.) 
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Figure 2.99. Longitudinal section ot the lumbar spine. The posterior joint and disc at L3—L4 are nor¬ 
mal. Those at L4--L5 show marked degenerative changes with rotational instability. A. Betorc rotation. 
The black line on the left is placed over the front ot the superior articular process. Note the size ol the lat¬ 
eral recess. B. Same specimen. The spinous process ot L5 has been rotated out ot the picture (toward the 
viewer). This rotation displaces the superior articular process forward with narrowing ot the lateral recess. 
C. Same as A, with the lateral extension of the ligamentum flavum removed. Note the marked degenera¬ 
tion of the posterior joint and disc and the size ot the lateral recess. D. Same as top right, with the lateral 
extension of the ligamentum flavum removed. The spinous process ot L5 has again been rotated as in B. 
The posterior joint surfaces are separated. The lateral recess is narrowed by forward displacement ot the 
superior articular process. (Reprinted with permission from Yong-Hing K, Reilly J, Kirkaldy-Willis WH. 
The ligamentum flavum. Spine 1976; 1(4):232.) 
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lumbar intervertebral discs was examined before and after be¬ 
ing loaded with certain weights. Under load, the disc loses wa¬ 
ter (anulus, 1 1%; nucleus, 8%) and gains sodium and potas¬ 
sium. The higher concentration of electrolytes in the disc after 
a long period of loading increases its osmotic absorption force 
and enables the disc to hold back the remaining water, even 
against a considerable pressure. After reduction of pressure, 
water is quickly reabsorbed, and the disc gains height and vol¬ 
ume. The pumping mechanism maintains the nutritional and 
biomechanical function of the intervertebral disc (212). 

Suspension Effects on the Lumbar Spine 

Radiographic investigation of the lumbar spine was done in the 
standing and suspended position in 100 healthy adult male vol¬ 
unteers. Spinal and external morphology were studied. The 
aim of this work was to identify correlations between the mod¬ 
ifications of shape and size of the suspended lumbar spine and 
external morphology. Such correlations were sought to estab¬ 
lish a functional approach to anthropometry. This study dem¬ 
onstrated that the suspended position led to lengthening of the 
spine in 70% of the subjects examined, shortening of the spine 
in 22%, and mainly straightening of the spine in 8% (21 3). 

The phenomenon of elongation of the lumbar spine when 
the body is placed in the suspended position is dependent on 
tonic muscle activity. Shortening of the lumbar spine in the sus¬ 
pended position was seen in apparently longitypic and thin sub¬ 
jects. This somatotype has been linked to “tonic” temperament. 
Straightening of the lumbar spine without lengthening under 
the effect of suspension was observed in subjects with relatively 
high body weight and accentuated lumbar curvature. 

In 70% of the subjects studied, increased size of the inter¬ 
vertebral spaces was seen when the body was placed in the sus¬ 
pended position (i.e., by a traction force of approximately 40 
to 50% of body weight). The results may have practical appli¬ 
cations in the use of therapeutic traction. Indeed, in this respect 
our results underline the need to obtain muscle relaxation and 
show that mild traction may be effective. Furthermore, elimi¬ 
nation of lordosis is not proof of the efficacy of traction on the 
intervertebral discs. Longitypic subjects may be more resistant 
to traction compared with other somatotypes (213). 

ANATOMIC AND DEMOGRAPHIC FACTORS 
IN LOW BACK PAIN 

Standardized tests were administered to 321 men, aged 18 to 
55 years, to determine height, weight, Davenport index, leg 
length inequality, flexion and extension torques, flexion/ex¬ 
tension balance, range of motion, straight leg raising, and lum¬ 
bar lordosis. A total of 106 (33.0%) had never experienced low 
back symptoms; 144 (44.9%) had or were having moderate 
low back pain (LBP); and 71 (22.1%) had or were having se¬ 
vere low back symptoms. These three subgroups showed no 
significant differences in height, weight, Davenport index, 
lumbar lordosis, or leg length inequalities. LBP patients had 
less flexor and extensor strength and were flexor overpow¬ 


ered; they had diminished range of motion for spinal extension 
and axial rotation (P = 0.003, P = 0.0005), and had dimin¬ 
ished straight leg raising capacity (P = 0.004). A multivariate 
correlation matrix demonstrated no typical pattern of associ¬ 
ated abnormalities except that a diminished spinal range of mo¬ 
tion in one plane was associated with the anticipated diminish- 
ment in all other planes of motion, and often with greater 
restrictions of straight leg raising tests (214). 

In another study, men with a height of 180 cm or more 
showed a relative low back pain risk of 2.3 (95% confidence 
limits, 1 .4 to 3.9), and women with a height of 170 cm or more 
showed a relative risk of 3.7 (1 .6 to 8.6), compared with those 
who were more than 1 0 cm shorter (1.0). In men, but not in 
women, increased body mass index proved to be an indepen¬ 
dent risk factor for herniated lumbar disc, whereas triceps skin 
fold thickness had no predictive significance. Height and heavy 
body mass may be important contributors to the herniation of 
lumbar intervertebral discs (215). 

Measurements made from plain lumbar radiographs were 
used to compare the size and shape of the lumbar vertebral canals 
between various categories of occupation and work load among 
77 men and 1 18 women with a history of low back pain. The 
mean anteroposterior foraminal diameters proved to be wider in 
female farm workers than in other women, especially in the ver¬ 
tebrae LI to L3 (17.1 versus 15.4 mm). However, men per¬ 
forming heavy manual work had smaller anteroposterior foram¬ 
inal diameters than the men whose work involved less physical 
labor (difference at L5,9.4 versus 10.8 mm). Female farm work¬ 
ers were found to have shorter interarticular distances than fe¬ 
males in other occupational groups. In the men who reported 
working in stooped postures or who reported lifting and carry¬ 
ing heavy objects at work, the interarticular distances were wider 
than in men who had no such exposures (216). 

Correlation of Age, Weight, Height, and 
Body Curve to Low Back Pain 

Correlations of age, height, weight, lordosis, and kyphosis with 
noninvasive spinal mobility measurements were studied in 301 
men and 175 women, aged 35 to 55 years, who suffered from 
chronic or recurrent low back pain. Correlations of the differ¬ 
ent spinal movements with the degree of LBP were analyzed, 
with corrections for these relationships. Age had significant in¬ 
direct correlations with most of the mobility measurements, 
but the ef fect of height was minor. Weight had considerable 
negative correlations with the mobility measurements, except 
lateral flexion. Lordosis and kyphosis has significant relation¬ 
ships with mobility in the sagittal and frontal planes. Thora¬ 
columbar mobility had a higher correlation with LBP than mo¬ 
bility of the lumbar spine. Thoracal spinal mobility alone also 
correlated with LBP. Lateral flexion and rotation, except for 
rotation in women, had stronger relationships than forward 
flexion and extension with LBP (217). 

Eighty percent of all 30- to 60-year-old inhabitants of 
Glostrup, a suburb of Copenhagen (449 men and 479 
women) participated in a general health survey, which in- 
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eluded a thorough physical examination relating to the lower 
back. The examination consisted of anthropometric measure¬ 
ments, flexibility/elasticity measurements of the back and 
hamstrings, and tests for trunk muscle strength and en¬ 
durance. The main findings were that good isometric en¬ 
durance of the back muscles may prevent first-time occur¬ 
rence of low back trouble (LBT) in men and that men with 
hypermobile backs are more liable to contract LBT. Recur¬ 
rence or persistence of LBT correlated primarily with the in¬ 
terval since last LBT episode: the more LBT, the shorter the 
intervals had been. Weak trunk muscles and reduced flexibil¬ 
ity/elasticity of the back and hamstrings were found as resid¬ 
ual signs, particularly among those with recurrence or per¬ 
sistence of LBT in the fol low-up year (218). 

In all, 28.9% of the sample (29.8% of the men and 27.9% 
of the women) had leg length discrepancies equal to or 
greater than 1 cm. The leg length discrepancy showed no sig¬ 
nificant predictive power for first-time occurrence of LBT in 
the follow-up year or for recurrence or persistence of LBT. 
When tested in relation to whether that subject ever had LBT 
prior to the initial examination, however, the group with 
prior LBT was found to contain significantly more partici¬ 
pants with unequal leg length than the group with no prior 
LBT (a - 2 = 9.19, df= 1, P = 0.0025). Of those with LBT, 
46% (264 of 569) had unequal leg length. This figure was of 
the same magnitude in all eight sex/age groups. Neither the 
magnitude of the inequality nor whether the right or left side 
was shortest was found to provide any additional information 
regarding LBT (218). 

Children's Incidence of Low Back 
Disc Herniation 

Herniated discs in children and adolescents can be extremely 
disabling and difficult to diagnose because of the paucity of 
neurologic abnormalities and the consequent suspicions of 
hysteria. 

One percent of patients operated on for discal herniation are 
between 10 and 20 years of age. Spinal fusion should be con¬ 
sidered when discal herniation is complicated by transitional 
vertebrae and spondylolisthesis, which because of instability 
contribute to the persistence of back pain (219). 

One study reported on 25 teenagers with herniated lumbar 
intervertebral discs with accompanying structural anomalies 
(219). Three had transitional vertebrae; 1 1 had spinal stenosis 
confirmed at surgery; one had tropism; and one had spondy¬ 
lolysis. The unusual frequency of transitional vertebrae domi¬ 
nates all of the cases reviewed. When associated with hyper¬ 
lordosis, which also seriously compromises the mechanical 
efficiency of the spine, the result is often residual back pain and 
disability. 

The exact incidence of lumbar disc herniation in children is 
unknown. In white patients, the percentage varies from 0.8% 
in one series to 3.8% in another. In Japan, the frequency is un¬ 
usually high, from 7.8% to 22.3%, possibly related to earlier 
ages of employment (219). 


Disc Anular Fiber Damage and 
Pain Production 

Discs of 25 specimens of human lumbar motion segments were 
subjected to an internal division of the anulus fibrosus, sparing 
only a peripheral layer 1 mm thick. Thus, an attempt was made 
to simulate an internal disruption of the anulus caused by a trau¬ 
matic episode or a degenerative process. The disc bulge that de¬ 
veloped at the site of the injury was observed under axial com¬ 
pression fracture and after intradiscal injection. Under a 1000 
N load, the bulge amounted to less than 0.5 mm; typically, it 
increased to less than 1.0 mm after fracture. An extrusion of 
disc material at the site of the anulus injury was never observed. 
The results suggest that a radial division of the anulus is not suf¬ 
ficient to produce a clinically relevant disc herniation; further 
prerequisites are a fragmentation of the disc material and a sep¬ 
aration from the end plates (220). 

Anular tears can, by nociceptor nerve endings in the anulus 
fibrosus, cause pain referral to the low back, buttock, sacroil¬ 
iac region, and lower extremity even in the absence of neural 
compression (221). 

WHAT ARE THE LIMITING ANATOMIC 
STRUCTURES (DISC, FACET, LIGAMENTS) 

TO TORSIONAL ROTATION MOTION OF 
THE LUMBAR SPINE? 

Intact Anulus Fibers Restrict Axial Rotation 
More Than Facets 

Intact anulus fibers in young discs without degeneration re¬ 
stricted axial rotation more than the facets in a study on 1 2 lum¬ 
bar motion segments in which six had the anular fibers dissected 
in one direction while the oppositely directed fibers were left 
intact. In six segments, bilateral facetectomy was performed 
and the segment loaded in torsion. The effects of rotation were 
studied in each situation. The fibers behave as tendons, which 
explains the formation of peripheral rim lesions and circumfer¬ 
ential tears which are considered to be the first signs of disc de¬ 
generation (222). 

Axis of Rotation Determines Limiting Force 
to Rotation 

The anulus fibrosus is the most effective structure in resisting 
torsion in an intact lumbar spine (223). The axis or rotation of 
the lumbar motion segment determines whether the disc or 
facet is the primary resistant structure to rotational stress. Fig¬ 
ure 2.100 shows that the axis of rotation near the facet joints 
and the anulus would be the primary structure in resisting ro¬ 
tational forces. Figure 2.101 shows the axis of rotation to be 
within the disc anulus, which means the facet structures resist 
rotation (223). 

Figure 2.102 shows the entire lumbar spines (Til to SI ) of 
cadavers placed into a torsion system with vertical markers 
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Figure 2.100. Diagram of the spine with the axis of rotation near the 
facet joints. The distance (moment arm ) from the axis of rotation to the an- 
ulus can he appreciated. Note the rotatory motion of the anulus (dotted 
lines) when the axis is posterior to the anulus. It the axis ot rotation were 
in this location, the anulus would he the primary structure in resisting ro¬ 
tation. (Reprinted with permission from Haher TR, Fclmy W, Baruch H, 
et al. The contribution ot the three columns o t the spine to rotational sta¬ 
bility, a biomechanical model. Spine 1989; 14(7):663 670.) 


Figure 2. 01. Diagram ot the spine with the axis ot rotation in the an¬ 
ulus. The distance trom the axis to the facet joints can be seen. In this 
case, the facet joint shows the greatest rotatory motion (dotted lines). It 
the axis of rotation were in this location, the compressive facet joint 
would be the primary structure in resisting torsion. (Reprinted with per¬ 
mission fr»m Haher TR, Felmy W, Baruch H, ct al. The contribution of 
the three columns ot the spine to rotational stability, a biomechanical 
model. Spine 1989; 14(7):663—670.) 


placed on the spinous processes. Using the entire lumbar spine 
instead of a single level vertebral model allows the intermedi¬ 
ate segments of the spine to rotate about their anatomic axis of 
rotation. Torsional loads were applied to the spines and axial 
rotations were recorded for intact spines and for those having 
the anterior column destroyed (to include the anterior longi¬ 
tudinal ligament and 67% of the anterior anulus), middle col¬ 
umn destroyed (posterior longitudinal ligament and the poste¬ 
rior 33% of the anulus), and posterior column destroyed (facet 
joints and posterior interspinous ligaments) (223). 

An average loss of rigidity of 75% was seen with anterior 
column destruction, whereas only 25 to 35% was seen with 
posterior column destruction. Progressive destruction of the 
anulus was proportional to the loss of torsional stiffness. The 
posterior ligaments consisting of the supraspinous and inter¬ 
spinous ligaments also had little effect on resisting rotation. 

The instantaneous axes of rotation constitute the centers 
about which lumbar spine muscles exert their moment during 
flexion, extension, and torsion (224). When the lumbar spine 
undergoes rotation, lateral bending also occurs. The reverse is 
also true: lateral bending of the spine results in rotation. This 
relationship is referred to as “coupled motion,” and it is defined 
as the consistent association of one motion about an axis with 
another motion about a second axis. 

The intervertebral disc is considered one of the structures of 
major importance in spinal motion, stability, and spinal disor¬ 
ders; it is also of major importance in resisting torsion. Injury to 
the disc can lead to altered sharing of the load between the disc and the 
apophyseal joints. 



Figure 2.102. This is the Tinius-Olson Torsion System used to study 
nonimposed axis ol rotation movement ol the lumbar spine. The reflec¬ 
tive tropometcr measures the rotation in degrees. (Reprinted with per¬ 
mission from Haher TR, Felmy W, Baruch H, ct al. The contribution of 
the three columns of the spine to rotational stability, a biomechanical 
model. Spine 1989; 14(7):663—670.) 
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If the instantaneous axis of rotation is at the facet joints, the 
disc resists rotation. If the axis of rotation is at the disc, the facet 
joints resist rotation (224). Axial rotation of the lumbar spine 
was found to be less when combined with forward flexion, It is 
hypothesized that, in this position, the posterior anulus and 
posterior longitudinal ligament are being stretched with a small 
component of rotation being sufficient to damage these struc¬ 
tures. In flexion, the instantaneous axis of rotation is possibly 
moved posteriorly, inducing greater displacements anteriorly, 
thus causing rim lesions or peripheral anular tears. This mech¬ 
anism could explain the frequent clinical finding of patients re¬ 
porting that bending-rotation movements coincided with the 
onset of their low back pain (225). 

Adams and Hutton (98) state that the posterior facet joints 
limit rotation strain on the disc, and that torsional stresses great 
enough to damage the posterior element facet joints would be 
needed in order to harm the disc. However, this is in a patient 
with normal disc tissue, not a patient with a protruding disc 
in whom the anular fibers are strained to contain the bulg¬ 
ing, high-intradiscal nucleus pulposus. The difference may be 
likened to that between the strength of a rubber band that has 
been stretched many times versus one that has never been 
stretched. 

Three Degrees Torsion Is Maximum Before 
Anular Damage 

The maximal torsion angle for isolated discs that will not dam¬ 
age anular fibers found is 3° (226). Because twisting the torso 
has been cited as a significant risk factor for 1 ow back pain, com¬ 
mon industrial trunk motions and recorded trunk loading via 
an electromyogram (EMG) assisted model were studied. Fig¬ 
ure 2.103 shows the twisting frame for measuring axial trunk 
torque on 320 individuals under various static and dynamic 
twisting tasks. Figure 2.104 shows the trunk muscle vectors 
determined from their origins and insertions. 

The body’s ability to produce a twisting moment is far more 
limited that its ability to produce a lifting moment. Pure tor¬ 
sional moment is not possible without also generating exten¬ 
sion (20% extension maximal voluntary contraction) and lat¬ 
eral moments (79% lateral maximal voluntary contraction). It 
is easy for task demands to exceed the capacity of the trunk in torsional 
exertions (227). 

Velocity increases compression forces, placing an individual 
at a higher risk of exceeding tolerance to such forces. The final 
result is that the risk of low back pain is related to exertion 
load, velocity, and twisting angle (227). 

LUMBAR SPINE MOTION DYNAMICS 
AND ABERRANCIES 

A nonlinear three-dimensional finite element program (Fig. 
2.1 05) hasbeen used to analyze the response of a lumbar L2—L3 
motion segment subjected to axial torque alone and to axial 
torque combined with compression. Torsion is primarily re¬ 
sisted by the articular facets that are in contact and by the disc 
anulus. The ligaments play an insignificant role in this respect. 



Figure 2.103. A twisting reference frame was employed to control 
and monitor static posture and dynamic motions of the subjects during 
torsional exertions. (Reprinted with permission from Marras WS, 
Granata KP. A biomechanical assessment and model of axial twisting in 
the thoracolumbar spine. Spine 1995:20( 1 3); 1440—1449.) 

For the intact segment, with an increase in torque, the axis of 
rotation shifts posteriorly in the disc so that under maximal 
torque it is located posterior to the disc itself (Fig. 2.106). Loss 
of disc pressure increases this posterior shift, whereas removal 
of the facets decreases it. Torque, by itself , cannot cause fail¬ 
ure of disc fibers, but it can enhance the vulnerability of those 
fibers located at the posterolateral and posterior locations when 
it acts in combination with other types of loading (e.g., flex¬ 
ion). The most vulnerable element of the segment in torque is 
the posterior bony structure (228). 

Further analysis by the L2—L3 three-dimensional study 
showed (229): 

1. The motion segment exhibits stiffening ef fects with increas¬ 
ing sagittal plane movements. It is found to be stiffer in ex¬ 
tension than in flexion. The segmental stiffness reduces 
slightly in flexion with the loss of disc pressure, and it re¬ 
duces considerably in extension with the removal of the 
facets. 

2. In contrast to the case under flexion moment, when rela¬ 
tively high intradiscal pressures are generated, under exten¬ 
sion movement negative pressures (suction type) of low 
magnitude are predicted. 

3. Great intradiscal pressure resists the inward bulge of the in¬ 
ner anulus layers. However, when the disc loses its pres- 
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Figure 2.104. Trunk muscles are modeled as vectors determined from three-dimensional locations ot 
muscle origins and insertions. Vector directions, lengths, and velocities are computed as a Junction ot the 
instantaneous positions ot the end points that move with the trunk posture. ErSP, erector spinae; ExObI, ex¬ 
ternal oblique; InObI, internal oblique; bat, lateral; Rabd, rectus abdominis. (Reprinted with permission 
from Mari as WS, Granata KP. A biomechanical assessment and model ot axial twisting in the thora¬ 
columbar spine. Spine 1995:20( 1 3); 1440—1449.) 


sure, the inner anulus layers at the anterior region bulge in¬ 
ward markedly under tlexion movement. 

4. Comparison of the predicted stresses and strains in the vari¬ 
ous segmental materials with their reported ultimate values 
leads to the following conclusions: (a) Ligaments: Only the 
vulnerability of the interspinous ligament to rupture at its me¬ 
dial site can be concluded. ( b ) Anulus ground substance: Large 
tensile radial strains are computed to occur at anterior and 
posterior locations under tlexion and extension movements, 
respectively. Such strains can cause circumferential clefts be¬ 
tween the anulus layers, the frequency of occurrence of which 
is reported to increase with age. Large tensile axial strains are 
also predicted, which may correspond with the observation of 
horizontal splits in the anulus as parallel to the end plates 
(228). (c) Anulus collagenous fibers: The maximal fiber 
strains are computed to be larger in flexion than in extension, 
and they occur posterolaterally in the innermost anulus layer 
of a normal disc. Loss of disc pressure reduces these strains. 
The fact that the magnitude of the maximal fiber strain is 


greater thanthe fibers’ reported elastic limit and that the max¬ 
imal strains occur at the posterolateral fibers in the normal 
disc suggests that hyperflexion in combination with other 
types of loading might induce failure of these fibers commonly 
seen in conjunction with disc prolapse (229). 

Effects of Flexion and Extension on the 
Lumbar Structures 

Effects of flexion (Fig. 2.107) on the lumbar spine include: 

1. Decrease in the intraspinal protrusion of the lumbar inter¬ 
vertebral disc. 

2. Slight increase in the length of the anterior wall of the spinal 
canal. 

3. Significant increase in the length of the posterior wall of the 
spinal canal. 

4. Stretching and a decreased bulge of the yellow ligaments 
within the spinal canal. 
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Figure 2.105. Finite element grid of the motion segment. A. Sagittal cross-section. B. Horizontal sec¬ 
tion of the posterior bony elements at z = 5 mm. C. Horizontal cross section at z = 22 mm. D. Anulus 
layers and fiber orientation. Measurement of z is done at the sagittal cross section at the top level of the up¬ 
per vertebral body as a function of axial torque. (Reprinted with permission from Shirazi-Adl A, Ahmed 
AM, Shrivastava SC. Mechanical response of a lumbar motion segment in axial torque alone and combined 
with compression. Spine 1 986; 1 1(9):91 5—924.) 


5. Stretching and a decreased cross-sectional area of nerve 
roots. 

6. An overall general increase in spinal canal volume and de¬ 
creased nerve root bulk. 

Effects of extension (Fig. 2.108) are: 

1 . Bulging of the intervertebral disc into the spinal canal. 

2. Slight decrease in the anterior canal length. 

3. Moderate decrease in the posterior canal length. 

4. Enfolding and protrusion of the yellow ligaments into the 
spinal canal. 

5. Relaxation and an increase in the cross-sectional diameter of 
the nerve roots. 

6. An overall decrease in the volume of the lumbar spinal canal 
and an increased nerve root bulk. 

For these reasons, patients seek flexion for relief of back pain, 
and this is the premise on which the use of flexion-distraction 
manipulation for correction of disc protrusion is based. 


Effects of Flexion and Extension on the Lumbar Canal 

Extension of the lumbar spine has been shown to cause protru¬ 
sion of the intervertebral disc with dorsal displacement of the 
cauda equina roots (230). On myelography, Ehni and Wein¬ 
stein (230) showed that extension produces total block and 
flexion permits the contrast medium to pass through the 
blocked area. Reaching overhead or bending backward causes 
the common complaint of painful paresthesia or numbness in 
both legs (231). Dyck et al. (231) showed that extension pro¬ 
motes lumbar stenosis and forward flexion reduces it. 

Raney (232) performed a series of myelograms that 
showed that with f lexion of the lumbar spine, the posterior 
bulge of the posterior anulus and posterior longitudinal liga¬ 
ment disappeared as the anterior margin of the vertebral bod¬ 
ies approached each other and the posterior margins sepa¬ 
rated. The myelographic column became flat, and the dural 
sac closely approximated the back of the posterior longitudi¬ 
nal ligament and anulus. Even though the force propelling the 
disc posteriorly is increased by f lexion, tightening of the pos¬ 
terior anulus and posterior longitudinal ligament in flexion 
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Figure 2.106. P rcdicted change in the location of the axis of rotation 
with increasing torque (1 N-m to 60 N-m) at the top level of the upper 
vertebral body. (Reprinted with permission from Shirazi-Adl A, Ahmed 
AM, Shrivastava SC. Mechanical response of a lumbar motion segment in 
axial torque alone and combined with compression. Spine 1 986; 1 1(9): 
91 S—924.) 


improved the barrier to a greater extent, with the net effect 
being reduction of the posterior protrusion. In prolapse, this 
relief has not been found. Therefore, the flexed position 
obliterates the disc bulge and relieves the irritated nerve root 
in the bu ging disc. 

Pilling (233), who performed myelography on patients in 
the upright position, showed that a protrusion is reduced in the 
flexion position because the posterior longitudinal ligament 
and anulus are stretched and the disc spaces are widened pos¬ 
teriorly. A prolapse would not show such reduction. 

With epidurography, Matthews and Yates (234) showed 
that 1 20-pound distraction reduced disc protrusion. 

Extension causes the ligamentum flavum, the disc, and the 
posterior longitudinal ligament to narrow the sagittal diameter 
of the vertebral canal, whereas flexion reverses this (235). 

McNeil et al. (236) demonstrated that the extensor muscles 
are the weakest muscles in the low back. We, therefore, exer¬ 
cise them after the patient has had relief of low back and leg 
pain. 

White and Panjabi (141) showed that with bending of the 
spine, the disc bulges on the concave side of the curve and col¬ 
lapses on its convex side. In flexion, the disc protrudes anteri¬ 
orly and depresses posteriorly. Finneson (134) showed disc 
protrusion on extension and reduction on flexion (Figs. 2.1 07 
and 2.108). 
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Figure 2.107. Increased spinal canal volume and decreased nerve root 
(cauda equina) bulk with flexion. (Reprinted with permission f rom Finneson 
BE. Low Back Pain, 2nd ed. Philadelphia: JB Lippincott, 1980:432.) 


Figure 2.108. Decreased spinal canal volume and increased nerve 
root bulk with extension. (Reprinted with permission from Finneson BE. 
Low Back Pain, 2nded. Philadelphia: JB Lippincott, 1980:432.) 
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Effects of Flexion and Extension on the Spine 

Cadaveric lumbar motion segments (consisting of two vertebrae 
and the intervening disc and ligaments) were loaded to simulate 
forward bending movements in life, and the flexion angle at the 
clastic limit was measured (237). These flexion angles were then 
compared with flexion angles obtained from radiographs of 
healthy volunteers in the erect standing and fully flexed posi¬ 
tions. The comparison showed that, when people adopt the sta¬ 
tic, fully flexed posture, the osteoligamentous lumbar spine is 
flexed about 10° short of its elastic limit. The results imply that 
the lumbar spine is normally well protected by the back muscles 
in the relaxed, fully flexed posture. Special mechanisms must be 
identified to explain forward bending injuries. 

For a typical motion segment, a 2° reduction in flexion 
means a 50% reduction in the resistance to bending moment, 
and hence a 50% reduction in the bending stresses in the pos¬ 
terior anulus and intervertebral ligaments. At the limit of the 
range of flexion, the osteoligamentous spine resists a bending 
movement equal to about 50% of that exerted by the upper 
body in forward bending. This means that at the more moder¬ 
ate angles of flexion found in life, only about 5% of the upper 
body’s forward bending movement will be resisted by the 
spine; the rest will be resisted by the lumbodorsal fascia, back 
muscles, and so forth. Theref ore, it appears that little chance is 
seen of damaging the lumbar spine in the static toe-touching 
posture (237). 

For flexion-extension mode, more mobility exists at the 
L4-L5 level than at the LI—L2. For lateral bending mode, 
more mobility is observed at the L1 —L2 level than at the L4—L5 
level (238). 

Effects of Flexion and Extension on the Dural Sac 
During Myelography 

Penning and Wilmink (239) performed measurements on 40 
lateral lumbar myelograms in flexion and extension to analyze 
changes in position and shape of the dural sac in spinal move¬ 
ments. There proved to be an anterior displacement of the en¬ 
tire lumbar dural sac in lumbar extension, most likely caused 
by shortening and thickening of the flaval ligaments. In addi¬ 
tion, the anterior dural surface was indented at the L 3—L4 and 
L4-L5 interspaces by posterior bulging of the discs in exten¬ 
sion. This encroachment was partially compensated by dual 
bulging into areas with a rich and compressible venous plexus 
behind the vertebral bodies and the L5—SI disc. Although the 
patterns of dural movements showed individual variations, 
these trends were found in all diagnostic and anatomic sub¬ 
groups. One subgroup (with root involvement at L4-L5) 
showed marked dorsal encroachment on the dural sac in ex¬ 
tension at the same level. 

In distinction to these posture-dependent changes in a cross- 
sectional area of the spinal canal, Breig (240) stressed the influ¬ 
ence of flexion-extension movements on longitudinal spinal di¬ 
mensions. In spinal flexion, marked elongation of the spinal canal 
is seen with concomitant stretching of the dural sac and nerve 
root fibers. This is thought to have a bearing on the production 
of nerve root symptoms in cases with disc herniation (239). 


Moderate Flexion Finds Lumbar Spine Strongest 

Accurate measurement of lumbar spine curvature is important 
because curvature affects the stresses acting on the apophyseal 
joints and intervertebral discs. In moderate flexion, the lumbar 
spine is at its strongest; in full flexion, the discs are vulnerable 
to fatigue damage, and in hyperflexion, the intervertebral liga¬ 
ments can be sprained and the discs can prolapse suddenly. 
Therefore, to evaluate the risks of a job involving bending and 
lifting, it is necessary to measure how much the lumbar curve 
is flexed in each bending movement (241). 

Forty-one cadaveric lumbar intervertebral joints from 1 8 
spines were flexed and fatigue-loaded to simulate a vigorous 
day’s activity. The joints were then bisected and the discs ex¬ 
amined. Twenty-three of 41 discs showed distortions in the 
lamellae of the anulus fibrosus and, in a few of these, complete 
radial fissures were found in the posterior anulus (242). 

Flexed Postures Improve Transport of Metabolites 

A study (243) compared postures that flatten (that is, flex) the 
lumbar spine with those that preserve the lumbar lordosis. 
Flexed postures have several advantages: flexion improves the 
transport of metabolites in the intervertebral discs, reduces the 
stresses on the apophyseal joints and on the posterior half of 
the anulus fibrosus, and gives the spine a high compressive 
strength. Flexion also has disadvantages: it increases both the 
stress on the anterior anulus and the hydrostatic pressure in the 
nucleus pulposus at low load levels. The disadvantages are not 
of much significance, and we conclude that it is mechanically 
and nutritionally advantageous to flatten the lumbar spine when 
sitting and when lifting heavy weights (243). 

Flexion Occurrence at Pelvis Versus Low Back 

In normal subjects, lumbar motion accounts for 63% of gross 
flexion, with 37% caused by pelvic motion in up to about 90° of 
flexion. Low back pain subjects exhibit less gross motion than 
normal subjects (54%), with the ratio of lumbar flexion to gross 
flexion decreased from 63 to 43%. Range-of-motion exercising 
can signifi cantly increase f unctional pain-free range in both lum¬ 
bar (71%) and pelvic (39%) motion over a 3-week period (244). 

Effects of Flexion and Extension on the Spinal Canal 

Myelographic studies show that flexion opens the anterolateral 
angles of the spinal canal, creating relief of the nerve roots. 
Conversely, extension closes the anterolateral angles, causing 
bilateral root involvement, as evidenced by the conventional 
myelogram in extension (Fig. 2.109). In extension, nerve root 
involvement signs are maximal, whereas in flexion they tend to 
disappear (2 39, 245). This seems to indicate some posture- 
dependent narrowing of the spinal canal rather than disc herni¬ 
ation as the cause of the problem. Facet hypertrophy, both of 
the facet and its covering ligaments, has long been felt to be a 
possible factor in narrowing of the spinal canal (246, 247), but 
this is difficult to prove in plain radiography of the lumbar 
spine. Penning and Wilmink (248) showed the presence of 
facet hypertrophy, sometimes in combination with an abnor¬ 
mally bulging but not necessarily herniated disc. 
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Figure 2.109. Effects of lumbar flexion-extension movements upon root involvement. A. Water-solu¬ 
ble lumbar myelogram, RPO projection, showing compression of the emerging left L5 root in extension, 
with swelling of nerve root and cutoff of root sheath filling. Note also dorsal indentation in dural sac at 
same level. B. Flexion view shows that compression of L5 root and dural sac has been relieved. Right F5 
root (not illustrated) showed similar posture-dependent involvement. (Reprinted with permission from 
Penning L, Wilmink JT. Posture-dependent bilateral compression of L4 or L5 nerve roots in facet hyper¬ 
trophy. Spine 1987; 1 2(5):489.) 


In 1 2 patients with myelographic evidence of bilateral root 
involvement at the L3—L4 or LA— L5 levels, postmyelographic 
CT studies were performed in flexion and extension. They 
showed concentric narrowing of the spinal canal in extension, 
and widening with relief of nerve root involvement in flexion 
(Fig. 2.1 10). This could be attributed to marked degenerative 
hypertrophy of the facet joints, narrowing the available space 
for dural sac and emerging root sleeves. In extension of the 
lumbar spine, bulging of the disc toward the hypertrophic 
facets causes a pincers mechanism at the anterolateral angles of 
the spinal canal, with the risk of bilateral root compression. 
This mechanism is enhanced in these cases by marked dorsal in¬ 
dentation of the dural sac because of anterior movement of the 
dorsal fat pad in extension. The authors of the study believe 
that the radiologically described mechanism forms the ana¬ 
tomic basis of neurogenic claudication and posture-dependent 
sciatica (248). 

Closing of the anterolateral angles can be explained by 
bulging of the disc in extension, as shown in Figure 2.111. This 
bulging, described by Knuttson (249), among others, is a phys¬ 
iologic phenomenon caused by the approximation of the dorsal 
parts of the vertebral end plates. Thus, no disc pathology is 
needed to explain the narrowing or complete occlusion of the 


anterolateral angles of the spinal canal in facet hypertrophy. 
This facet hypertrophy may reduce the distance between disc 
and facet to such a degree that normal disc bulging in extension 
is sufficient to close the lateral recesses. In most patients, the 
dorsal surface of the disc had a symmetric appearance. In some 
of these instances, possibly disc bulging in extension was patho¬ 
logically increased because of disc degeneration and subsequent 
approximation of adjoining vertebrae, but this was impossible 
to measure. More marked asymmetry was noted in a minority 
of patients, indicating that disc pathology (abnormal bulging, 
disc prolapse) in these cases might have played an additional 
role. Hypertrophy of the flaval ligaments has also been men¬ 
tioned as a cause of additional narrowing of the spinal canal but, 
as with abnormal disc bulging, this is difficult to quantify (248). 

Fat Pad Changes During Motion 

Anterior movement of the dorsal fat pad is an additional mech¬ 
anism contributing to root compression in extension. In previ¬ 
ous studies, it has been noted that in patients with bilateral root 
involvement at LA— L5, marked dorsal indentation of the dural 
sac in extension takes place. That the dorsal indentation of the 
dural sac is related to anterior motion of the dorsal fat pad came 
as a surprise because it had always been presumed that the flaval 
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Figure 2.110. Drawings of dural sac and dorsal fat pad outlines in flexion and extension in the 12 pa¬ 
tients. Drawings arc made by tracing the outlines of dural sac and dorsal fat pad from maximally (x4) en¬ 
larged CT slices. Solid lines, outlines in flexion. Broken lines, outlines in extension. The horizontal line rep¬ 
resents the interfacet line. (Reprinted with permission from Penning L, Wilmink JT. Posture-dependent 
bilateral compression of L4 or L5 nerve roots in facet hypertrophy. Spine 1987; 1 2(5):495.) 


ligaments would cause the dorsal indentation, as is the case in 
spondylotic myelopathy in the cervical spine (250). However, 
examples (Figs. 2.112 and 2.113/1 and D) show that when lum¬ 
bar lordosis increases and the laminae approach one another, 
the fat pad (which cannot be compressed but is easily deformed 
because of its semiliquid form) decreases in its longitudinal di¬ 
mension and ,as a result, thickens in the transverse plane. Bor¬ 
dered dorsolatcrally by flaval ligaments, the fat pad can expand 
only in an anterior direction at the expense of the dural sac. 
This forward expansion of the dorsal fat pad is enhanced by 
some thickening of the flaval ligaments in extension .This thick¬ 
ening by shortening was previously described in a cadaver study 
by Knutlson (249). Most patients present with transverse flat¬ 
tening and sometimes some anterior displacement of the entire 
fat pad because of flaval thickening in extension, probably in 
combination with slight anterior movement of the lamina with 
respect to the disc. The ef fect of the anterior movement of the 
dorsal fat pad in extension is anterior displacement of the dural 
sac with increased presentation of the emerging root sleeves to 
the pincers mechanism at the anterolateral angles (248). 

Measurements were perf ormed on40 lateral lumbar myelo¬ 
grams in flexion and extension to analyze changes in position and 
shape of the dural sac in spinal movements. Anterior displace¬ 


ment of the entire lumbar dural sac in lumbar extension was 
found, which most likely was caused by shortening and thicken¬ 
ing of the flaval ligaments. In addition, the anterior dural surface 
was indented at the L3—L4 and L4-L5 interspaces by posterior 
bulging of the discs in extension. This encroachment was par¬ 
tially compensated by dural bulging into areas with a rich and 
compressible venous plexus: behind the vertebral bodies and the 
L5—SI disc. Although these patterns of dural movements 
showed individual variations, these trends were found in all di¬ 
agnostic and anatomic subgroups. Marked elongation of the 
spinal canal with concomitant stretching of the dural sac and 
nerve root fibers is found in spinal flexion (2 39). 

Velocity of Motion May Be a Factor in 
Back Pain 

Trunk mobility, as defined by trunk angle, has long been con¬ 
sidered an acceptable means to evaluate the degree of impair¬ 
ment in patients with low back pain. However, biomcchani- 
cally, no reason is found to believe that patients with low back 
pain have significant sensitivity to trunk velocity of motion or 
that angular mobility factors have an impact on their condition. 
Thus, it is suggested that trunk velocity be used as a quantita- 
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Figure 2.111. Effects ol flexion extension in normal canal (above) and 
in individual with facet hypertrophy (FH) (below). Left, Flexion; right, ex¬ 
tension. In a normal canal, extension causes reduction of cross-sectional 
area available for dural sac through combined bulging of disk, Haval liga¬ 
ments, and retrodural fat pad, without endangering available space tor 
dural sac and emerging nerve roots. In an individual with FH, loss of re¬ 
serve space, already present in flexion, enhances narrowing of spinal 
canal and lateral recesses in extension, and pinching effect on dural sac 
and emerging nerve roots. (Reprinted with permission from Penning L, 
Wilmink JT. Posture-dependent bilateral compression of L4or L5 nerve 
roots in facet hypertrophy. Spine 1987; 1 2(5):496.) 

tive measure of low back disorder and to monitor the rehabili¬ 
tative progress of patients with low back pain (251). 

Effect of Spinal Fusion on Adjacent 
Segment Motion 

Effects of spinal fusion on the fused segments and the adjacent, 
unfused segments play a significant role in the clinical effec¬ 
tiveness of spinal fusion for low back pain with or without 
sciatica. Much of the information on this important subject is 


derived from clinical impressions. All types of fusion resulted 
in increased bending and axial stiffness. All types of fusion 
demonstrated stabilizing effects on the fusion and produced in¬ 
creased stress on the adjacent, unfused segments, especially the 
facet joints (252). 

Resistance of Ligamentous and 
Bony Elements 

Resistance to Flexion 

Capsular ligaments of the apophyseal joints play the dominant 
role in resisting flexion of an intervertebral joint. In full flex¬ 
ion, as determined by the elastic limit of the supraspinous and 
inter spinous ligaments, the capsular ligaments provide 39% of 
the joint’s resistance. The balance is made up by the disc 
(29%), the supraspinous and interspinous ligaments (19%), 
and the ligamentum flavum (1 3%) (203). 

In hyperflexion, the supraspinous and interspinous liga¬ 
ments are damaged first, followed by the capsular ligaments 
and then the disc. Bending forward and to one side, however, 
could damage the capsular ligaments first because the compo¬ 
nent of lateral flexion would produce extra stretching of the 
capsule away from the side of bending while not af fecting the 
supraspinous and interspinous ligaments which lie on the axis 
of lateral bending. 

In flexion, as in torsion, the apophyseal joints protect the in¬ 
tervertebral disc. Once the posterior spinal ligaments have 
been sprained in hyperflexion, the wedged disc is can prolapse 
into the neural canal if subjected to a high compressive force. 

Disc Changes Affect Movement More Than 
Facet Changes 

The posterior vertebral ligamentous and bony elements’ influ¬ 
ence on the sagittal range of motion of the lumbar spine has 
been investigated by observing the effects of sectioning liga¬ 
ments and pedicles in 1 7 cadavers of both sexes ranging in age 
from 17 to 78 years. The investigation showed that the apophy¬ 
seal joints provide a greater restraint to flexion and extension 
movements than do the lumbar ligaments. It also showed that 
the age changes that most severely affect movement in elderly 
persons occur in the intervertebral discs rather than in the pos¬ 
terior elements (25 3). 

Resistance to Intervertebral Shear Forces 

When an intervertebral joint is loaded in shear, the apophyseal 
joint surfaces resist about one third of the shear force, whereas 
the disc resists the remaining two thirds (203). This passive re¬ 
sistance to shear is complicated by two features, however. 
First, when an intervertebral disc alone is subjected to sus¬ 
tained shear, it readily creeps forward. In an intact joint, this 
readiness to creep would manifest itself as stress relaxation, 
thus placing an increasing burden on the apophyseal joint sur¬ 
faces until they resist all of the intervertebral shear force. Sec¬ 
ond, the muscle slips attached to the posterior part of the 
neural arch brace it by pulling downward. This prevents any 
backward bending and brings the facets more firmly together. 
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Figure 2.112. Flexion-extension CT scan in a normal individual. Note increase in depth of black epidural 
fat from (A) lumbar flexion to (B) extension, at the expense of the dural sac. Combination of fat thickening 
and disc bulging, both physiologic, causes reduction of cross-sectional area of dural sac amounting, in this 
example, to approximately 30%. (Reprinted with permission from Penning L, Wilmink JT. Posture- 
dependent bilateral compression of L4 or L5 nerve roots in facet hypertrophy. Spine 1987; 12(5):497.) 


In the intact joint this means that the intervertebral disc is sub¬ 
jected only to pure compression and that the intervertebral 
shear force is resisted by the apophyseal joints, producing a high 
interfacet force. 

Resistance to Intervertebral Compressive Force 

Absence of a flattened articular surface in the transverse plane 
at the base of the articular facets clearly suggests that apophy¬ 
seal joints are not designed to resist intervertebral compressive 
force. Experiments confirm that, provided the lumbar spine is 
slightly flattened (as occurs in erect sitting or heavy lifting), all 
the intervertebral compressive force is resisted by the disc. 
When lordotic postures such as erect standing are held for long 
periods, however, the facet tips contact the laminae of the sub- 
adjacent vertebra and bear about one sixth of the compressive 
force (203). 

This contact may well be of clinical significance, because it 
will result in high stresses on the tips of the facets, and possi¬ 
bly, nipping of the joint capsules. Perhaps this is the reason 
standing for long periods can produce a dull ache in the small 
of the back that is relieved by sitting or by using some device, 
such as a bar rail, to induce slight flexion of the lumbar spine. 
Disc narrowing results in as much as 70% of the intervertebral 
compressive force being transmitted across the apophyseal 
joints. Three such specimens tested exhibited gross degenera¬ 
tive changes in the apophyseal joints (203). 

With increasing extension of an intervertebral joint, the 
compressive force transmitted across the apophyseal joints in¬ 
creases, and it is likely that the extension movements are lim¬ 
ited by this bony contact. Thus, it is possible that hyperexten¬ 
sion movements could cause backward bending of the neural 
arch, eventually resulting in spondylolysis, but again only as a 
fatigue fracture. 


Ligament and Facet Contribution to 
Lumbar Spine Stability 

Results from a comprehensive nonlinear finite clement model 

of the L3—L4 motion segment study of the role of ligaments and 

facets in lumbar spine stability indicate that; 

1. Ligaments play an important role in resisting flexion rota¬ 
tion, whereas facets are important in (a) resisting anterior 
shear displacements that accompany flexion and (b) restrict¬ 
ing extension rotations. 

2. Rotational instability in flexion or posterior displacement 
(retrospondylolisthesis) is unlikely to occur without prior 
damage of ligaments, whereas instabilities in extension ro¬ 
tation or forward displacement (spondylolisthesis) are un¬ 
likely before facet degeneration or removal. 

3. Supraspinous and interspinous ligaments are most suscepti¬ 
ble to failure in flexion, whereas capsular ligaments are li¬ 
able to fail under extension or flexion, and shear loads may 
lead to facet osteoarthritis or hypertrophy. Spinal stenosis 
is likely under these conditions, especially under flexion- 
anterior shear loading. 

4. High stresses occur on the articular processes. 

5. Ligament strains and facet loads are sensitive to their orien¬ 
tations. A more sagittally oriented facet allows larger sagit¬ 
tal displacements, and it can be linked to the cause of 
spondylolisthesis, whereas a less transversely oriented facet 
joint allows greater extension rotation, and it can be linked 
to rotational instabilities in extension. 

6. Localized facet excision (anterior regions of L3 inferior 
facets and lower anterior and posterior regions of superior 
L4 facets) may restore spinal canal size without compromis¬ 
ing the segment stability (2 54). 
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Figure 2.113. Flexion-extension CT scan. Transverse sections (A, B) and lateral views (C, D) are 
shown. Lateral views arc composed ot scanograms with midsagittal reformats ot CT sections superimposed 
at L4- L5 (insets). Note marked anterior expansion ol dorsal tat pad (between arrows) from flexion (A, C) 
to extension <B, D), indenting posterior surface ot dural sac ( asterisks ) because ot thickening of flaval liga¬ 
ments and approximation ot laminae. Note narrow lateral angle, in flexion (A), formed bv disc surface and 
flaval ligaments. Thickening ot flaval ligaments and increased disc bulging in extension (B) causes “pincers 
mechanism,” pinching ventrolateral angles ot dural sac and emerging L5 roots. (Reprinted with permission 
from Penning L, Wilmink JT. Posture-dependent bilateral compression ot L4 or L5 nerve roots in facet 
hypertrophy. Spine 1987; 1 2(5):498.) 
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Flexion-Relaxation Phenomenon of Trunk Flexion 

At a certain position of trunk flexion, a sudden onset of elec¬ 
trical silence occurs in back muscles. This is called “flexion- 
relaxation (F-R) phenomenon.” A significant difference in mus¬ 
cular activities of erector spinae between healthy and chronic 
low back pain patient groups was obtained when subjects re¬ 
turned to the erect position from the maximal flexion. More¬ 
over, time lag between trunk and hip movement was much 
greater in patients than in healthy subjects. Neuromuscular co¬ 
ordination between trunk and hip can be abnormal in patients 
with chronic low back pain (255). 

Facet Is Questioned As Limiting Factor in 
Rotation of Lumbar Segments 

The concept that the posterior complex of the lumbar spine 
prevents rotation must be re-examined, according to Scull 

(256) . Traditionally it is stated that rotation of the lumbar spine 
is precluded by the action of the facetal processes blocking the 
movement. Scull feels, however, that the disc is the primary ar¬ 
ticulation in the motion segment comprising a joint with 3° of 
freedom. 

The intervertebral disc most resists the coupled motion of 
lateral rotation under the application of axial torque, whereas 
the articular facets most resist the coupled axial rotation under 
the application of lateral bending at the lumbosacral joint 

(257) . 

Farfan Research on Rotational Limiting 
Anatomic Structures 

Farfan (258) found the average angle of rotation at failure for 
whole joints with normal discs was 22.6°, whereas for degen¬ 
erated discs the failure was at 14.3° (Fig. 2.1 14). The disc and 
the two articular processes of the vertebral arch provide 90% 
of the torque strength of the intervertebral joints. Disc resis¬ 
tance is by the anular fibers, so the condition of the anular fibers 
is important and damage to them must have serious conse¬ 
quences for the whole joint. 

Forced rotation applied to the intervertebral joints produces 
damage to the disc and facet joints with the first signs of injury 
appearing with as little as 3° of forced rotation and requiring 
only 100 to 200 pounds of torque. The ef fect of rotation is to 
tear anular fibers from their attachments to the end plate with 
the appearance of radial fissures in the anulus. Three phases of 
disc disease have been proposed: first, anular bulging (protru¬ 
sion); then, facet joint degeneration with loss of disc diickness 
and disc extrusion; and finally loss of disc thickness, severely 


degenerated facet joints, and stenosis causing tautening of the 
nerve root (259). 

Farfan (260) stated that from 1 2° to 20° of rotation, sharp 
cracking sounds emanate from the disc vertebra sections at fail¬ 
ure of the specimen. These loud snapping sounds are suspected 
to come from anular injury. Forced rotation of a lumbar disc 
causes 0.1 to 0.4 inches of lateral shear of the vertebral body. 
Rotation of 1 5° for the whole lumbar spine can be expected to 
produce injury to the disc. 

Under laboratory rotational stresses, the disc emitted sharp 
cracking sounds reminiscent of the loud snapping sounds that 
are known to accompany the sudden onset of back pain (261). 

Pearcy (262) found axial rotation at L5—SI to be less than 
6°. Lateral flexion and axial rotation is a consistent pattern at 
the upper three lumbar levels, but it varied at the two lower 
levels. Lateral flexion and rotation of L4—L5 is not consistent; 
sometimes the axis of rotation ofL4on lateral bending is into 
the convexity and sometimes into the concavity of the lateral 
flexion curve. Such discrepancy does not seem to occur in the 
upper lumbar spine. As long as rotation at L5—SI is limited, the 
disc itself is not strained by rotation. Torsion alone is insuffi¬ 
cient to damage the intervertebral disc but a combination of 
flexion and torsion will increase the disc’s vulnerability to in¬ 
jury (263). Degree of lumbar flexion influences risk of disc in¬ 
jury more than stoop or squatted posture (264). Other factors 
predisposing to disc prolapse are disc nutrition, degeneration, 
rotation, bending, compression, intradiscal pressure, and pre¬ 
existing anulus damage (265). 

Disc Plays a More Significant Role in 
Limiting Rotation Than Does the Facet Joint 

Shirazi-Adl et al. (266) found that torque, by itself, cannot 
cause the failure of disc fibers, but it can enhance the vulnera¬ 
bility of those fibers located postcrolaterally and posteriorly in 
the disc. Axis of rotation shifts posteriorly in the disc during 
torsion so that maximal torque is located posterior to the disc 
itself . The disc plays a more significant role than the facet joint 
in resisting torsion with loads of less than 20 N-m. 

Torsion increases the intradiscal pressure as well as the com¬ 
pressive load on the disc (267). The spine has a greater ability 
to rotate when in some degree of flexion, which may have some 
implication in spinal injury. Torsion affects intradiscal pressure 
with reduction of the pressure perhaps in some flexed posture 

(268) . Rotational strain is one of the most important factors 
leading to facet joint hypertrophy and spinal canal stenosis 

(269) . 



NORMAL DISC 

DEGENERATED DISC 

Average angle of rotation 
at failure 

22.6° 

14.3° 

Resistance to torque 

300 in-lb. 

200 in-lb. 


Figure 2..114. Farfan rotation failures. 
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Rotation Resisted by Disc, Facet, and Ligaments 

Zimmerman et al. (270) find human and canine disc resistance 
to rotation to be similar. Normal intervertebral disc con¬ 
tributes 45% of the torsional resistance of the whole lumbar 
joint, with the facets providing 37% and the ligaments 18%. 
The canine study showed 45% of torsion resistance to be by the 
disc, 31% by the facets, and 25% by the ligaments. Facets are 
not the principal support structure in extension: it is the disc! 

Oxland et al. (271) conclude that the intervertebral disc 
most resists the coupled motion of lateral rotation under the 
application of axial torque, whereas the articular facets most 
resist the coupled axial rotation under the application of lateral 
bending at the lumbosacral joint. The apophyseal joint capsules 
limit rotation both in neutral and flexed positions. In flexion, 
the amplitude of rotation in the lumbar spine is reduced. Of the 
capsuloligamentous structures, it is the posterior anulus and 
the posterior longitudinal ligament that seem to play the more 
important role in limiting axial rotation while the spine is 
flexed (271). 

Rotation Not Found in the Low Lumbar Spine 

Maigne (272) states that facet orientation at the lumbar spine 
permits only flexion and extension. The thoracic spine, by 
virtue of its facet facings, should have a high degree of mobil¬ 
ity, especially in rotation. “No rotation is possible in the lumbar 
spine by virtue of the facet orientation amljorm ” (emphasis added). 
Theref ore, the highest degree of rotation and lateral flexion 
must take place at the level of the thoracolumbar spine. 

Helfet and Gruebel-Lee (52), in discussing the instability of 
the lumbar spine with regard to range of motion, point out that 
rotation injuries affect primarily the intervertebral disc itself . 

Upright Versus Recumbent Rotation of the 
Lumbar Spine 

Case 1 

In this case, a 23-year-old woman presented with a history of low 
back pain but no leg pain. At the time this x-ray study was done, 
she was being treated only for left shoulder pain; her low back 
was totally asymptomatic. 

Consequently, we performed rotation studies on the spine to 
determine any differences in rotation from the standing to the re¬ 
cumbent non-weightbearing rotational posture. The anteropos¬ 
terior view (Fig. 2.115) reveals that this patient has tropism at 15- 
SI, with the right facet being sagittal and the left being coronal. 
Hip and sacroiliac joints are adequate. The lateral view (Fig. 
2.116) reveals a moderately increased lumbar lordosis. The disc 
spaces are normal. 

Figures 2.117 and 2.118 were taken with the patient in the 
standing weightbearing posture. Figure 2.117 reveals left rota¬ 
tion, and Figure 2.118 reveals right rotation. Lateral flexion is 
seen of L4 and L5 with actual Lovett reverse rotation of the spin¬ 
ous process at L4 on left lateral flexion and with minimal Lovett 
positive rotation on right rotation. Normally, the spinous process 
would deviate to the concave side; instead, it deviates to the con¬ 
vex side, which is called a "Lovett reverse curve." This may indi¬ 
cate a minimal rotatory capability at L4; no rotation is seen at the 
L5 level. 

Figures 2.119 and 2.120, respectively, show right and left lat¬ 
eral rotation of the lumbar spine with the patient in the recum- 



Figure 2. 15. Neutral anteroposterior view. Tropism is present at 
L5-S1. 




Figure 2.116. Lateral view—mild hvperlordosis. The disc spaces arc 
normal. 
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Figure 2.117. Lef t rotation of the lumbar spine in upright posture. 



Figure 2.118. Right rotation of the lumbar spine in the upright pos 
ture. 



Figure 2.119. Right rotation of the lumbar spine in the recumbent 
supine position. 


Figure 2.120. Lef t rotation of the lumbar spine in the recumbent 
supine position. 
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bent position. These films were taken with the patient rotating to 
each side while in the recumbent position and being supported 
with foam padding in the thoracic spine as maximal rotation is at¬ 
tained. This study was done to determine whether any difference 
could be seen between the muscular contractions causing rota¬ 
tory change when the patient assumed a recumbent position and 
those causing change with the patient in a weightbearing posi¬ 
tion. As can be seen, no discernible rotation actually occurred 
with the patient in the recumbent posture. I interpret this to mean 
that rotation, if possible, is greatest when the patient is standing 
upright. This might also make sense considering that most back 
injuries occur during flexion in the upright posture, with either 
lifting or rotating in combination motion. 

Comparison of Lateral Flexion and Rotation of 
the Lumbar Spine 

Case 2 

In this case, a 34-year-old woman presented with low back and 
left lower extremity pain. She has had numerous episodes of low 
back pain in the past few years, but leg pain has been present for 
only the past 2 weeks. 

Rotation movement of the lumbar spine is studied in compar¬ 
ison with lateral flexion movement. Figures 1.121-2.123 are films 
of neutral and lateral bending showing normal motion. Figures 
2.124 and 2.125 reveal a sacral angle of 33° and a lumbar lordo¬ 
sis of 50° Figure 2.126 shows no stenosis present. Figure 2.127 is 
a posteroanterior tilt view of the same patient as in Figure 2.121. 

Figures 2.128 and 2.129, respectively, show left and right ro¬ 
tation studies made by having the patient rotate at the waist 
while holding the pelvis fixed on the bucky. Note that L5 does not 
rotate measurably and L4 bends laterally but that rotation is no 
greater than the lateral bendings reveal. Definite increased rota¬ 
tory movement of the upper lumbar vertebral bodies is seen, cou¬ 
pled with lateral flexion. 



Figure 2.121. Neutral anteroposterior view ol the lumbar spine and 
pelvis. 
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Figure 2.122. Right lateral flexion. 

Rotational and Lateral Flexion Capabilities of the 
Lumbar Spine 

A three-dimensional radiographic technique was used to inves¬ 
tigate the ranges of active axial rotation and lateral bending plus 
the accompanying rotations in places other than those of the pri¬ 
mary voluntary movements in two groups of normal male vol¬ 
unteers. Approximately 2° of axial rotation was seen at each in¬ 
tervertebral joint, with L3—L4 and L4— L5 being slightly more 
mobile. Lateral bending of approximately 10° occurred at the 
upper three levels, whereas significantly less movement was 
seen at 6° and 3° at L4—L5 and L5—SI, respectively. In the up¬ 
per lumbar spine, axial rotation to the right was accompanied by 
lateral bending to the lef t, and vice versa. At L5—SI, axial rota¬ 
tion and lateral bending generally accompanied each other in the 
same direction, whereas L4—L5 was a transitional level (273). 

Torsional Versus Compressive Disc Injury 

Cyclic torsional load ef fects on the behavior of intact lumbar in¬ 
tervertebral joints was investigated. Failure locations occurred 
in such diverse regions as end plates, facets, laminae, capsular 
ligaments, and so forth. All specimens exhibited a synovial fluid 
discharge from the apophyseal joint capsule sometime during 
testing. Post-test examinations of all the cartilage surfaces 
showed fibrillation, whether or not the intervertebral joint 
failed (274). 

Cyclic torsional fatigue loads produce undesirable effects, 
such as (a) leakage of synovial fluid at the apophyseal joints; (b) 
fibrillation of the facet cartilage surface (Table 2.5); and (c) 
fracture of various elements of the vertebra. The “failures” lead 
to weakening and improper functioning of apophyseal joints 
and disc. In the absence of synovial fluid, the apophyseal joint 
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Figure 2.123. Left lateral flexion. 


Figure 2.124. Sacral angle measurement. 



Figure 2.125. Lumbar lordosis measurement. 
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Figure 2.127. Rosteroantcrior tilt view of L5-S1. Note the centered 
position of the spinous processes. 
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Figure 2.128. I .ef t lumbar spine rotation in the upright posture. 


may exhibit more bony contact and higher friction. Under 
chronic in vivo loading, damage rate can exceed repair rate by 
the ce llul ar mechanisms of the body. Prolonged exposure to 
cyclic torsional loads producing 1.5° or greater of angular dis¬ 
placement per segment is detrimental to elements of the lum¬ 
bar spine. Because these elements contain nociceptors, their 
disturbance can lead to low back pain (274). 

Fifteen discs were studied in pure compression, fl exion and 
extension, axial rotation, and shear. The greatest strains were 
in torsion (275). 

During axial rotation, the oblique fibers, running counter to 
the direction of movement, are stretched, whereas the inter¬ 
mediate libers with opposite orientation are relaxed. Tension 
reaches a maximum in the central fibers of the anulus, which 
are the most oblique. The nucleus is therefore strongly com¬ 
pressed, and the internal pressure rises in proportion to the angle of 
rotation (276). 

Kapandji cites Cailliet: “It has been shown by myelography 
that there is posterior protrusion of the intervertebral disc from 
hyperextension” (276). Cailliet speaks of the “concept that ro¬ 
tary trauma in later life causes rupture of the outer anular 
fibers.” He goes on to say: 

“Gradually the outward intradiscal pressure causes radial 
tears to occur in the disc. . . . Rotational forces, however, place 
torque upon the anular fibers which become disrupted, and the 
intradiscal nuclear pressure is no longer contained.” 

Regarding disc herniation, Caillett and Kapandji (276) agree 
on the effect of microtrauma: Cited by Kapandji, Cailliet states 
that the strain or repated stresses to discs have frequently oc¬ 
curred prior to the acute onset and have set the state for the ul¬ 
timate herniation. Weakening of the anulus fibrosus diminishes 
the elastic recoil against a stress. A minimal stress applied on 



Figure 2.129. Right lumbar spine rotation in the upright posture. 
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Table 2.5 


Failures Observed in Specimens Tested at Constant Torque Levels (Mode II)° 

Number of Specimens Failed at Torque (N-m) 


Number of Failures 

Type of Failure Observed 

11.3 

22.6 

33.9 

45.2 

Total 

1 

Vertebral body 

Superior 

1 

0 

I 

1 

3 

(VC) 


Inferior 

1 

2 

1 

0 

4 = 7 

2 

Facets cracks 

Unilateral 

1 

0 

2 

2 

5 

(FC) 


Bilateral 

0 

1 

! 

l 

3 = 8 

3 

Torn capsules 

Unilateral 

0 

0 

2 

1 

3 

(TC) 


Bilateral 

1 

3 

0 

1 

5 = 8 

4 

Annulus in tears 


0 

3 

0 

2 

5 

(TA) 








5 

Lamina crack 

Unilateral 






(LC) 


Bilateral 

1 

1 

3 

0 

5 


2 + 3 


1 

1 

2 

2 

6 


1 + 3 


1 

2 

1 

0 

4 


1 + 4 


0 

2 

0 

0 

2 


2 + 4 


0 

1 

0 

1 

2 


3 + 4 


0 

2 

0 

2 

4 


1+2 + 3 


1 

1 

1 

0 

3 


2 + 3+4 


0 

2 

0 

2 

4 


1+3+4 


0 

2 

0 

0 

2 


1+2+4 


0 

1 

0 

0 

1 


1 + 2 + 3 + 4 + 5 


1 

| 

3 

0 

5 

Reprinted with permission 

from Liu YK, Goel VK, Dejong 

A, et al. Torsional fatigue of the lumbar 

vertebral joints. Spine 198 5; 1 •( 10):899. 


0 The fibrillation of facet ar 

ticular cartilage and a discharge of fluid from apophyseal joints 

were observed in all the 

specimens regar 

dless of whether the 


specimens tailed or not. 


the disc that is contained within a weakened defective anulus 
may cause the nuclear material to herniate. 

The most harmful motions appear to be rotations, because 
these produce both compression and shear. Low back pain pa¬ 
tients should be counseled to reduce such activities as shovel¬ 
ing and lifting, as well as recreational activities such as hand¬ 
ball, squash, tennis, cycling, and gardening (277). 

Anulus Fibrosus Damage by Rotation on Concave Side 
of Curve 

Lindblom, Percy, and others (278) have reported that the 
injection of saline solution (or some other solution) into the 
appropriate disc space can reproduce the symptoms of some 
patients who are suffering from low back and sciatic pain. 
However, if Novocain is injected into these same discs, the pain 
is eliminated. Similarly, injection of the hormone hydrocorti¬ 
sone into the appropriate disc space has relieved symptoms in 
a substantial proportion of patients in whom rupture and actual 
protrusion or extrusion of a disc fragment had not occurred 
(278). 

Under axial compression, failure occurred due to fracture 
of one of the vertebral end plates and collapse of the underly¬ 
ing vertebral body. In these tests, failure of the anulus fibrosus 


occurred only as the result of extremely rapid cyclic bending 
combined with mild axial compression. 

Nucleus Pulposus Migrates to the Concave 
Side of Curve 

It is commonly stated that the nucleus pulposus is the structure 
by which stresses are distributed uniformly to the anulus fibro¬ 
sus and cartilaginous plates, and that it moves toward the con¬ 
vex side of the curve when the spine bends to either side or for¬ 
ward and backward. The behavior of two specimens subjected 
to combined axial loading and bending in this investigation did 
not seem consistent with this concept. The anulus invariably 
bulged on the concave side, apparently as the result of com¬ 
pression between the opposing vertebral surfaces (279). 

To study the effect of increased pressure on the interverte¬ 
bral disc, rats’ tails were tied up and fixed in the shape of a U. 
It was found that degeneration and even rupture of the anulus 
fibrosus occurred on the concave side of the tails whereas the 
convex side remained normal (278). 

Intervertebral disc herniations causing low back and sciatic 
pain are predominantly situated on the concavity of the curva¬ 
ture. The location of intervertebral disc herniation is different 
in men and women: the fifth lumbar IVD is more often affected 
in women than in men (278). 
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Disc and Ligament, Not Facets, Are the 
Principal Support in Extension Motion 

Unilateral and bilateral facetectomies cause an alternate path of 
loading to be established, namely axial loads are transferred to 
the anulus and anterior longitudinal ligament to support the 
spine. Facet joint destruction will not produce acute instabil¬ 
ity, but it will transfer the loads to the adjacent disc and con¬ 
ceivably accelerate its degeneration. 

Anterior anulus and anterior longitudinal ligament of the lumbar 
spine are the principal support structures in extension. These structures 
protect the jacets from severe loading and degeneration (280). 

DISC DEGENERATION ALLOWS ROTATION: 
DISC MAY NOT BE PROTECTED BY THE 
FACET JOINTS IN ROTATION 

Triano (282) states that a side-lying posture with the lumbar re¬ 
gion flexed is commonly used in delivering a chiropractic lum¬ 
bar spine adjustment. A “positive stop” action, regardless of 
facet orientation, is believed to reduce risk of injury. This study 
examined the axial rotation and shearing translations that arise 
from loading of flexed motion segments with varied facet 
geometry and material properties. Both symmetric and asym¬ 
metric facet orientations were tested. Material properties var¬ 
ied, from healthy to degenerative discs. A 10.6 N-m axial 
torque from measurements of manipulation were applied. 
Facet loads increased as a f unction of degeneration and flexion 
position to a peak load of 441 N. Facet loading resulted in re¬ 
duced rotation from those in facetectomized motion segments. 
Rotations were higher than the “stop action” ef fects. Rotations 
increased by a factor of 3.0. Combined interaction of facet 
geometry and stage of disc degeneration resulted in greater ro¬ 
tations and translations than has been commonly assumed, 
which could mean that the facet joints do not protect the disc 
during rotation stresses as much as has been previously 
thought. 

Four Major Low Back Exercises Are 
Identified As Risk Factors 

The four low back exercises found to be risk factors (283) in¬ 
clude: 

1. Hyperextension: Extension of between 2° and 6° can cause 
facet loads to be 30% of the applied compressive load. On 
the other hand, in flexion up to 7°, virtually no load is car¬ 
ried by the facets. Beyond 7° to 8° of flexion, greater con¬ 
tact forces are carried by the facets. To minimize the risk of 
facet joint injury, extension exercise postures should be per¬ 
formed slowly and repetitions kept to a minimum. 

2. Rotation: Rotation beyond the normal average range of 2.6° 
causes microdamage to the discal structures and impaction 
of the zygapophysial joints. 

3. Axial loading. 

4. Increased intradiscal pressure. 


NUCLEUS PULPOSUS MOTION WITHIN 
THE ANULUS FIBROSUS ON FLEXION 
AND EXTENSION 

Management of patients with low back pain is often based on 
theorized positional changes of the nucleus pulposus (NP) dur¬ 
ing spinal extension and flexion. Data describing NP positional 
changes have not been reported for noninvasivc measurements. 

Figure 2.1 30 shows the flexed lumbar position of an MRI 
study of lumbar intervertebral disc changes. Figure 2.131 
shows the extended lumbar position for the MRI study of disc 
changes on flexion and extension motions. 

Normal and Abnormal Nucleus Pulposus 
Move Differently within the Anulus 
Fibrosus on Motion Study 

The distance of the posterior margin of the NP to the posterior 
margins of the adjacent vertebral bodies was greater in the ex¬ 
tended position compared with the flexed position in a study by 



Figure 2 130. The flexed position. The loam holster has been placed 
under the subject’s knees. The surface coil is 1 inch proximal to the sub¬ 
ject’s iliac crest. (Reprinted with permission from Beattie PF, Brooks 
WM, RothstcinJM, etal. Effect of lordosis on the position ol the nucleus 
pulposus in supine subjects: a studv using magnetic resonance imaging. 
Spine 1994; 19(18):2096-2101.) 



Figure 2.131. The extended position. The lumbar roll has been placed 
under the subject’s low hack. The subject’s legs are extended. (Reprinted 
with permission from Beattie PF, Brooks WM, Rothstcin JM, et al. Effect 
of lordosis on the position of the nucleus pulposus in supine subjects: a 
study using magnetic resonance imaging. Spine 1994; 19( 18):2096—2101.) 
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Beattie et al. (284) who found no difference in the anterior dis¬ 
tance. Eight of the 20 subjects had at least one degenerative disc 
in the lower lumbar spine. The NPs of the degenerative discs 
did not move in the same manner as normal discs. 

A lumbar roll used under the low back when supine caused 
an increase in the distance from the posterior margin of the NP 
to the posterior portions of the vertebral bodies in normal discs 
of healthy young women. Degenerative discs deform differ¬ 
ently from nondegenerative discs. 

Schnebel et al. (285, 286) used a digitizing technique to 
measure the position change of the NP from discograms ob¬ 
tained from subjects with low back pain. These subjects were 
studied in a Hexed position (knees to chest) followed by an 
extended position (press-up extension). A significant differ¬ 
ence in the posterior distance of L3- 4, L4—5, and L5—SI be¬ 
tween flexion and extension for normal NPs was reported. 
Measurements of the mean difference of the posterior dis¬ 
tance between positions at L4—5 and L5—SI were greater (2.2 
and 2.9 mm compared with 1.5 and 1.7 mm by Beattie), 
whereas their measurements at L3- 4 were less (0.8 mm com¬ 
pared with 1.2 mm). The difference between flexion and ex¬ 
tension at L4—5 and L5—SI may have been greater in the 
Schnebel et al. Study because a comparison of the lumbar 
spine between the positions of “knees to chest” and “press-up 
extension” would presumably result in a greater position 
change in the NP than the positions that were used in the 
Schnebel study. Thus, although Beattie et al. ’s findings would 
not appear to represent the absolute NP position change that 
would occur at the extremes of spinal flexion and extension, 
the difference between the Cobb angle in the two supine po¬ 
sitions was significant. These results suggest that the NP de¬ 
forms, and possibly moves within the IVD. 

Abnormal Discs Show Little Difference in 
Position on Motion Study 

Nuclear Motion Is Posterior in Extension in 
Abnormal Discs 

In those subjects with an abnormal NP, little difference was 
found in the shape and location of the NP between positions. 
Similar observations were reported by Schnebel et al. In four 
of the eight subjects with degenerative discs, the nucleus pul- 
posus of the involved segment was observed to “bulge” poste¬ 
riorly in the extended position (284). 

The concept that a motion segment that has a degenerative 
NP may not move in the same manner as a motion segment that 
has a normal NP may be important clinically. Because NP 
movement appears to differ between normal and abnormal 
IVDs, Beattie (284) questions whether nuclear movement can 
be used to justify the McKenzie approach when treating indi¬ 
viduals with degenerative disc disease. In addition to degener¬ 
ative disc disease, other disorders (e.g., herniated discs, bony 
abnormalities, and neuromuscular impairment) may influence 
NP displacement as a functions of position. 

My opinion on these studies of nuclear motion within the 
anulus on flexion and extension motion is: 


• The nucleus pulposus does not move anterior in flexion 
or extension 

• The degenerated nucleus pulposus does not move ante¬ 
rior in extension 

Lateral Flexion Studies 

Patients with a relative increase in left lateral flexion improved 
more, both subjectively and physically, than did those with an 
increase to the right or those with no increase to either side. A 
right side shift was twice as common as a left side shift, and 
right side dominance increased by 1.8° with treatment, al¬ 
though only average improvement was noted in the patients by 
the physician. 

Left side dominance of lateral flexion and a shift to the same 
side were associated with less back pain and better physical per¬ 
formance. Asymmetry of spinal lateral flexion, and probably of 
human body mechanism in general, should be noted in back 
pain studies on both the pathogenesis and treatment (287). 

Intradiscal Pressure Decreases Under 
Distraction 

Ramos and Martin (288) applied pelvic traction to the lumbar 
spine and measured the intradiscal pressure with a pressure 
transducer. Nucleus pulposus pressure dropped significantly to 
below — 100 mm Hg. 

Types of Disc Degeneration (Table 2.6) 

Intervertebral Osteochondrosis 

Intervertebral osteochondrosis is a common degenerative pro¬ 
cess involving the nucleus pulposus. With advancing age are 


The Five Types of Discogram and 
the Stages of Disc Degeneration 

They Represent 

Discogram Type Stage of Disc Degeneration 

1. Cottonball 

No signs of degeneration; soft white 
amorphous nucleus 

2. Lobular 

Mature disc with nucleus starting to 
coalesce into fibrous lumps 

3. Irregular 

Degenerated disc with fissures and clefts 
in the nucleus and inner anulus 

4. Fissured 

Degenerated disc with radial fissure 
leading to the outer edge of 
the anulus 

5. Ruptured 

Disc has a complete radial fissure that 
allows injected fluid to escape; can be 
in any state of degeneration 


Reprinted with permission from Adams MA, Dolan P, Hutton WC. The 
stages of disc degeneration as revealed bv discograms. | Bone |oint Surg 
1986 ; 68B8:37. 1986. 
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Figure 2.132. Osteochondrosis ol the disc with vacuum phenomenon (arrows) as shown. A. On CT scan. 
B. On plain radiograph. 


observed dehydration and desiccation of the intervertebral 
disc, particularly the nucleus pulposus. These changes begin in 
the second or third decade of life and become prominent in 
middle-aged and elderly individuals. The nucleus appears fri¬ 
able and loses the elastic quality it possessed in youth. It be¬ 
comes yellow or yellow-brown in color, and the onion-skin ap¬ 
pearance of the nucleus pulposus changes, developing cracks or 
crevices within its substances. The cracks produce an abnormal 
space into which surrounding gas, principally carbon dioxide 
and nitrogen, collects. The gas produces a radiolucency on ra¬ 
diographs or CT, an occurrence that is called a “vacuum” phe¬ 
nomenon (Fig. 2.1 32). Theradiolucent collections are initially 
circular or oval, and they later elongate, extending into the an- 


ulus fibrosus. This vacuum phenomenon differs from the radio- 
lucent collection at the margin of the intervertebral disc, 
which may accompany a different process (spondylosis defor¬ 
mans), and from those within the vertebral bodies (vacuum 
vertebral body), which may accompany ischemic necrosis of 
bone. A discal vacuum phenomenon generally excludes an in¬ 
fection (289). 

As intervertebral osteochondrosis progresses, the interver¬ 
tebral disc diminishes in height, the anular libers bulge, and the 
cartilaginous end plates degenerate and fracture. Adjacent tra¬ 
beculae in the subchondral regions of the vertebral bodies 
thicken. Radiographically seen at this stage are disc space loss 
and sclerosis of peridiscal areas of the vertebral body. The scle- 
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rosis is generally well defined. The discovertebral junction is 
usually sharply marginated, differing from the ill-defined mar¬ 
gin that accompanies infection. An associated finding is a radi- 
olucent focus within the vertebral body, which is a cartilagi¬ 
nous node (Schmorls’ node) that is caused by intervertebral 
herniation of a portion of the disc through the degenerating car¬ 
tilaginous end plate. 

Pathologic and radiographic features of intervertebral os¬ 
teochondrosis are most prominent in the lower lumbar region, 
and they are observed more commonly in men than in women. 

With breakdown in Sharpey’s fibers, the propulsive force of 
the nucleus pulposus leads to anterior and lateral displacement 
of the anulus fibrosus. Displacement elevates the anterior lon¬ 
gitudinal ligament and traction at the site of ligament attach¬ 
ment to the vertebral body. This site is several millimeters 
from the discovertebral junction. Osteophytes resulting from 
the abnormal ligamentous traction course first in a horizontal 
direction before turning in a vertical one. Eventually, the os¬ 
seous excrescences may bridge the intervertebral disc (289). 

Nitrogen Gas Formation in Osteochondrosis 
Vacuum Change 

Gas-containing cleftlike spaces in the intervertebral disc indicate 
a process of cartilage degeneration in most instances. Crevices 
formed in the degenerated disc cartilage become low-pressure 
spaces that attract gases from surrounding interstitial fluid. 
Chemical analysis of these gas collections in the disc 
space shows a 90 to 92% concentration of nitrogen. This is un¬ 
derstandable considering diffusion gradients, solubility coeffi¬ 
cients, and partial pressures of nitrogen, oxygen, and carbon 
dioxide. Nitrogen, a metabolically inert gas, is the dominant el¬ 
ement trapped in any low-pressure space created in degenerated 
disc cartilage, distracted synovial joints, or aseptic bone necro¬ 
sis. Similarly, when a vertebra undergoes collapse secondary to 
ischemic necrosis, the volume of bone is reduced, and cleftlike 
spaces are formed. Low pressure is found in these spaces, espe¬ 
cially when hyperextension of the spine distracts the apposing 
surf aces of the cleft. Thus, the vacuum sign may become accen¬ 
tuated or appear only when the spine is in hyperextension (290). 

Corticosteroid-Induced Aseptic Necrosis 
of Bone 

The relationship between aseptic bone necrosis and long-term 
corticosteroid treatment is well established, especially in pa¬ 
tients who have had chronic corticosteroid treatment. Biopsy- 
proved aseptic bone necrosis has been reported in vertebrae 
exhibiting the vacuum sign in these patients (290). 

Criteria for Determining the Level of 
Disc Involvement 

MacGibbon and Farfan (291) provide criteria to determine the 
level of disc degeneration by markings on a plain film study of 
the lumbar spine (Fig. 2.13 3). Basically, they state that when 


the intercrestal line passes through the upper half of the fourth 
lumbar vertebral body and when the transverse processes of L5 
are well developed, the L4---L5 disc degenerates first. When the 
intercrestal line passes through the body of L5 and L5 has less 
developed transverse processes, the L5—SI disc degenerates 
first. The higher the intercrestal line, the greater the risk 
of L4-L5 degeneration; the lower the intercrestal line, the 
greater the risk of L5—SI degeneration. They further state that, 
if it is assumed that discs are injured and degenerate solely be¬ 
cause of torsional strains, the high intercrestal line and long 
transverse processes become antetorsional devices, protecting 
the L5—SI discs and indicating the likelihood of degeneration at 
L4--L5. Similarly, the low intercrestal line and small transverse 
processes, which provide no protection against torsion, indi¬ 
cate the likelihood of degeneration at either the L4—L5 or the 
L5—SI disc. We would, therefore, expect a high odds ratio for 
LT- L5 disc degeneration in the protected spines and a more 
equal odds ratio with no protection. 

Criteria for probable L4-L5 degeneration arc: 

1. A high intercrestal line passing through the upper half of L4. 

2. Long transverse processes on L5. 

3. Rudimentary rib. 

4. Transitional vertebrae. 



Figure 2.133. Intercrestal and transverse process lines drawn for de¬ 
termining probable level of disc degeneration. 
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The criteria lor L5—SI degeneration arc: 

1. An intcrcrcstal line passing through the body of L5. 

2. Short transverse processes on L5. 

3. No rudimentary rib. 

4. No transitional vertebrae. 

Surgical fusion has an effect similar to that of the intercre- 
stal lines described by MacGibbon and Farfan. Fusion places the 
mobility at the segment above the fusion, and it can cause disc 
degeneration at that level. 

INSTABILITY DEFINED—ACUTE 
AND CHRONIC 

Clinical instability of the spine exists when physiologic loads 
produce abnormal motion, major deformity, and incapacitat¬ 
ing pain or significant neurologic deficit (292). Clinical insta¬ 
bility can be divided into acute instability and chronic instabil¬ 
ity. Acute instability denotes an impending catastrophe, as in 
cases of severe trauma or tumors, that will destroy most spinal 
structural support. Chronic instability is the result of a pro¬ 
longed degenerative process in which the pathomechanics are 
less clear, and the radiographic and clinical correlations are 
more difficult to establish. 

Lumbar Vertebral Translation 

Normal lumbar vertebral translation is less than 3 mm, or 8% 
of the adjacent superior vertebral body width. In 42% of normal 
subjects sagittal translation is at least 3 mm. Schaffer and Wein¬ 
stein were reported to have concluded that a threshold of 4 to 5 
mm of translation must exist for accurate measurement (292). 

The earliest signs of degeneration in the aging spine appear 
at the intervertebral disc; they can start as early as the second 
decade of life. Torsional loading and resulting anular injuries 
have been especially implicated in the initiation of disc degen¬ 
eration. 

Strengthening exercises should be the basis for manage¬ 
ment of instability. Biomechanically, the abdominal muscula¬ 
ture can absorb up to 30% of the load on the lumbosacral 
spine during lifting. Isometric abdominal exercises have been 
shown to improve symptoms significantly with minimal neg¬ 
ative risk. “Low back school” has also proved effective. Ma¬ 
nipulation has not been effective. A lumbosacral corset or 
brace may unload the spine by abdominal pressurization. The 
last resort in the management of degenerative spinal clinical 
instability is spinal fusion, although the indication for fusion 
is controversial (292). 

Instability—Radiographic Findings 

Lumbar instability has been reported to be most common at the 
L4-5 level and to be rare at L5—SI because the facets between 
L5—SI are normally coronally aligned and thus resist anterior 


sliding. Although instability cannot be diagnosed by plain films 
alone, the following findings have been associated with insta¬ 
bility (293): 

1. Rctrolisthesis 

2. Tracti in spur 

3. Spondylolisthesis 

4. Previ* us total laminectomy or f usion operation below the 
motion segment 

5. Gas in the disc 

6. Disc space narrowing 

7. Facet degeneration 

8. Malalignment of the spinous processes at the af fected level 

9. A rotational deformity of the pedicles 

Flexion and extension of the lumbar spine are the most com¬ 
mon radiologic diagnostic tools. Anteroposterior projection 
during maximal sidebending is an uncommon technique for the 
diagnosis of instability. More than two thirds (79%) of the in¬ 
stability cases are revealed by flexion-extension films, but only 
half (47%) by sidebending films. 

During sidebending, normal axial rotation can cause the 
spinous processes to move from the central line toward the 
concavity of the curve because of a coupling movement. Patho¬ 
logic axial rotation can be detected if the spinous processes 
move to the convex side, producing an asynchronous spinous 
process line. Pathologic rotation can also manifest as a lateral 
translation of one vertebra on another during sidebending. Ad¬ 
ditional signs of abnormal movement include asymmetric clo¬ 
sure of the disc space on bending, and paradoxic opening of the 
disc space on the bending side. 

Sidebending films should not be routinely combined with 
flexion-extension films in the radiologic diagnosis of segmental 
lumbar instability. Sidebending films complement flexion- 
extension films, and they should be taken if sidebending insta¬ 
bility is clinically suspected, especially when flexion-extension 
films are normal (293). 

Disc Degeneration Causes Increased Joint Laxity 

In all three loading directions (flexion-extension, axial rota¬ 
tion, lateral bending), greater joint laxity was found with 
disc degeneration. This measure of joint laxity has significant 
promise in detecting disc degeneration (294). 

End Plate and Bone Marrow Changes 

End plate and adjacent bone marrow change on MRI show two 
abnormalities in degenerative lumbar disc disease: 

1. Type A: with decreased signal intensities 

2. Type 13: with increased signal intensities 

Type A changes correlated with segmental hypermobility 
and low back pain, whereas type B changes were more com¬ 
mon in patients with stable degenerative disc disease (295). 
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DISC CHANGES WITH DEGENERATION 
AND OSTEOARTHRITIS 

Nutritional Factors 

I )cclining nutrition is the most critical event responsible for the 
changes in central disc cells and their matrices. Lactate con¬ 
centration rises as a result of low oxygen tension and decreased 
rate of lactate removal. Decrease in pH level, which compro¬ 
mises cell metabolism and biosynthetic functions, can cause cell 
death (296). 

An autoimmune basis for the coexisting cervical and lumbar 
spondylitic disease, namely the demonstration of antigenic 
properties in the nucleus pulposus and high serum immuo- 
globulins, is suggested as the reason for the dual cervical and 
lumbar disc surgeries seen in 3 1% of 200 patients (297). 

Regeneration of Disc Tissue 

Regeneration of disc tissue may be possible. Enzymatic re¬ 
moval of degenerated disc tissue, possibly combined with other 
strategies, including implantation of artificial matrices, growth 
factors, and mesenchymal or chondrocytic cells, has the poten¬ 


tial to restore viable disc tissue. Critical factors in this regener¬ 
ation include decrease in central disc nutrition caused by in¬ 
creasing the volume of avascular tissue with growth, loss of pe¬ 
ripheral blood supply, and alterations in the matrix. The 
possibilities of slowing the rate of disc degeneration and regen¬ 
erating central disc tissue require further study (296). 

Proteoglycan Loss 

Early stages of articular cartilage osteoarthritis, studied exper¬ 
imentally in the mature beagle dogs, showed an increased re¬ 
lease of the proteoglycan aggregates with glycosaminoglycan of 
the articular cartilage (298). 

Normal and degenerated discs show clear proteoglycan dif¬ 
ference and the cartilaginous end plate participates in the 
process of aging and degeneration in the disc (299). Age de¬ 
creases the signal intensity of normal lumbar intervertebral 
discs concomitant with decreases in water and glycosaminogly- 
cans and increases in collagen in the disc. The proteoglycan 
content of the nucleus is about five times that of the anulus in 
young discs and decreases with age as the disc becomes more 
fibrotic. Figure 2.1 34 contrasts the signal intensity of normal 
versus degenerative discs (300). 



Figure 2.134. Sagittal anatomic section (A) and corresponding magnetic resonance (MR) image (B) of 
an adult lumbar spine. Normal adult discs are evident at L2—L3 and L3 L4, early degenerating discs at L1—L2 
and L4—L5, and advanced degenerating discs at L5-S1. The MR image illustrates placement of cursors to 
measure signal intensity in the normal discs. Note the diminished signal intensity ot LI— L2 and L4—L5 com¬ 
pared with that of discs at L3—L4 and L4-L5. Severely degenerated discs may have a low signal intensity, 
less commonly, of a moderately high signal intensity (e.g., L5—Si). (Reprinted with permission from Scthcr 
LA, Yu S, Haughton VM, et al. Intervertebral disk: normal age related changes in MR signal intensity. Ncu- 
roradiology 1990; 177;385-388. Copyright 1990, Radiological Society of North America.) 
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Lactate Level Changes 

The high lactate levels found in the central part of degenerated 
discs must be associated with the lowering of the pH, which in 
turn triggers and activates the proteolytic enzyme system. The 
intervertebral disc contains many different proteases; collage- 
nase and elastase have recently been found. Also, protease in¬ 
hibitors have been extracted from the human intervertebral 
disc. From the degradation of newly formed proteoglycans, 
however, it is evident that some degrading enzyme systems are 
present in the intervertebral disc matrix. In the healthy disc a 
delicate balance likely exists between the active and latent 
forms of enzymes and the potency of the inhibitors present; this 
balance could be pH sensitive. Hence, a change in the disc me¬ 
tabolism that decreases pH and could lead to a rapidly acceler¬ 
ating matrix break down (301). 

Lactate Buildup 

Disc metabolism is mainly anaerobic, and lactate concentrations 
in the center of the disc may be 8 to 10 times as high as in plasma; 
the pH in the disc center is thus acidic. Because low values of pH 
are known to affect proteoglycan synthesis in other cartilages, 
the effect of lactate levels and pH on S-sulfate and H-proline in¬ 
corporation rates in the nucleus of bovine coccygeal discs and in 
human discs obtained during percutaneous nucleotomy showed 
the maximal incorporation rate occurred at pH 7.2 to 6.9(302). 
Here the rate was 40 to 50% greater than at pH 7.4. Below pH 
6.8 the rate fell steeply, more so for sulfate than for proline. At 
pH 6.3 the sulfate incorporation rate was approximately 20% 
less than at pH 7.4. Results indicate that proteoglycan synthesis 
rates, in particular, are sensitive to extracellular pH, with peak 
rates occurring at approximately the level of pH seen in vivo. 
Factors that cause lactate levels to rise, such as a fall in oxygen 
levels as the result of smoking or vibration, could lead to a fall 
in proteoglycan synthesis rates and ultimately to a fall in pro¬ 
teoglycan content and disc degeneration. 

Loss of proteoglycan is the most marked change in disc de¬ 
generation. It would thus appear that a pH less than 6.8 would 
contribute to this change and cause disc degeneration partly be¬ 
cause of the resulting change in cellular activity. It therefore is 
of interest that factors shown to increase intradiscal lactate lev¬ 
els experimentally (e.g., smoking) are also strongly associated 
with the development of disc degeneration (302). 

High Levels of lnterleukin-1 

Interleukin-l’s (IL-1) influence on degrading enzyme activity 
in normal and arthritic cartilage shows a strong trend to higher 
levels of IL-1 activity in degenerative and herniated disc tissue 
when compared with normal disc. These high levels of IL-1 
could stimulate metalloproteases in the disc tissue, which, in 
turn, could cause disc degeneration (303). 

Lipofuscin and Amyloid Buildup 

When organ aging or atrophy is prominent, manifestation of 
age pigment (lipof uscin) occurs in the cardiac muscle and liver 
(304). Recently, amyloids were found to be present in aged in¬ 


dividuals. Lipof uscin and amyloids build up in the degenerated 
lumbar intervertebral disc of surgical specimens and in individ¬ 
uals aged more than 50 years. 

Biochemical Changes 

The nucleus pulposus of injured sheep discs showed a signifi¬ 
cant loss of proteoglycans and collagen 8 months after a surgi¬ 
cal incision was made in the anulus fibrosus, but recovered to 
within control values 6 to 8 months postoperative. The nucleus 
pulposus of discs adjacent to the incised disc also showed loss 
of collagen and proteoglycan; however, the anulus fibrosus ma¬ 
trix remained essentially unaffected. Loss of disc height and 
marked nucleus pulposus degeneration occurred within a few 
months ( 305). A loss of proteoglycans and water from the nu¬ 
cleus pulposus in the surgically damaged discs within 6 months 
of surgery is consistent with these histologic observations. Bio¬ 
chemical analysis would thus appear to represent a more sensi¬ 
tive means of assessing early disc degeneration. It is significant 
in this regard that low proteoglycan disc concentrations have 
been shown to precede morphologically assessed degeneration 
in the human spine (305). 

Disc Degeneration in Adolescents with Low Back Pain 

Frequency of disc degeneration was greater in 40 adolescents 
with low back pain (increased from 42 to 58%) than among 40 
asymptomatic subjects (from 19 to 26%) (306). 

End Plate and Vertebral Body As Sources 
of Pain 

Intervertebral discs, with their sensory nerves and calcitonin 
gene-related peptide and substance P neuropeptides, are pain 
producing entities. These neuropeptides have potent vasodila- 
tory ef fects in addition to their role as pain transmitters, which 
indicates an increased blood flow is probably the final neu¬ 
rovascular reparative attempt to increase the disc nutritional 
status. Such a changed profde and increase of sensory nerve 
fibers indicates that the end plate and vertebral body are 
sources of pain production. Nociceptor chemical sensitization 
and pressure changes caused by motility may partly explain the 
extreme pain experienced by patients with degenerative disc 
diseases (307). 

Disc Morphologic Change 

Disc incision of the anterior part of the anulus fibrosus of the 
L4— L5 disc in five domestic pigs (Fig. 2.1 35, top) had altered 
morphology at 3 months. The nucleus pulposus was small, fi¬ 
brous, and yellowish (Fig. 2.135, bottom). The anular lamellar 
structure was partially destroyed and had been replaced by gran¬ 
ulation tissue in the region of the injury. Large osteophytes had 
formed at the ventral edges of the vertebral bodies. In the nu¬ 
cleus pulposus, the total collagen concentration and the activi¬ 
ties of enzymes active in collagen synthesis were significantly in¬ 
creased, whereas the water content had decreased (308). 

In a sheep model, the creation of anular lesions caused im- 
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Figure 2.135. The morphology ot the normal porcine disc is shown 
(top) at the time of introduction ot a scalpel tear in the anterior anulus fi- 
brosus (arrow) and the same disc 3 months after scalpel injury is shown 
(bottom). In the injured disc, the nucleus is fibrous and small; the anular 
lesion healed by formation ot granulation tissue, but the lamellar struc¬ 
ture has been partially destroyed. (Reprinted with permission from 
Kaapa E, Holm S, Han X, et al. Collagens in the injured porcine inter¬ 
vertebral disc. J Orthop Res 1994; 12:93 102.) 

mediate changes to the mechanics of the disc. A clear reduction 
was seen in torsion stiffness compared with controls, and clear 
evidence was found of a progressive degenerative response in 
the nucleus (309). 

Common Types of Anular Defects 

Three common types of anular defects have been described: 

1 . Rim lesions, which are defined as discrete defects of the 
outer anulus fibrosus. 

2. Circumferential tears, more frequently seen in the lateral 
and in the posterior layers. 

3. Radiating clef ts, which are commonly seen in degenerating 
discs extending from the nucleus pulposus parallel or oblique 
to the plane of the end plates (310). 

Peripheral Anular Tears 

Peripheral tears are more frequent in the anterior anulus, ex¬ 
cept in the L5-S1 disc. Circumferential tears are equally dis¬ 
tributed between the anterior and the posterior anulus. Radi¬ 
ating tears are in the posterior anulus, and they are closely 
related to severe nuclear degeneration. 

Defects of the peripheral anulus fibrosus, which precede the 


dehydration and fraying of the nucleus pulposus, are likely to 
be caused by mechanical stress. These outer anular tears may 
influence and accelerate the degeneration of the intervertebral 
disc, and play a part in producing discogcnic pain (311). 

Incision of the outer anulus of a sheep disc resulted in lum¬ 
bar disc degeneration within a short time. Complete healing of 
the incised outer anulus fibers was seen approximately 4 months 
after surgery, whereas the inner two thirds of the anulus showed 
no evidence of healing. Eventually the original incision extended 
inward, concentric clefts formed, and radiating tears occurred 
in the anulus with a degree of nuclear protrusion. The end plates 
of the sheep lumbar discs underwent extensive architectural 
changes shortly after outer anular injury, and these changes per¬ 
sisted for up to 2 years. The architectural changes observed re¬ 
semble the sclerosis of subchondral trabecular bone seen in 
proximal femur osteoarthritis (312). 

OSTEOPHYTE ROLE IN 
DISC DEGENERATION 

Vascular Changes 

Vascular changes occur before disc degeneration at every lum¬ 
bar level, suggesting that disturbances in the nutritional supply 
may precede degeneration. Arteriolar vessels decrease in the 
posterior longitudinal ligament, whereas vascularity increases 
in the anterolateral vertebral space. The aging degenerative an¬ 
ulus shows increased vascularity with small thin-walled arter¬ 
ies that form clefts between layers of the anulus. Gradually, fi¬ 
brous connective tissue with enlarged blood vessels form, 
which produces tears in the outer aspect of the anulus. Subse¬ 
quently, osteophytes, consisting of cancellous bone rich in 
marrow cavities, replace the arteries. In the final stage, an os¬ 
seous ankylosis between the adjacent vertebrae allows free 
communication of blood through the marrow cavities. It is rea¬ 
sonable to assume that vascular ingrowth is related to osteo¬ 
phyte formation near the periosteum beneath the cartilaginous 
end plate of the vertebral bone (31 3). 

The anterior longitudinal ligament has a rich nerve plexus 
supply. Perivascular nerves supply the arteries, thus confirm¬ 
ing that increased nerve supply caused increased vascularity. 
Coppes et al. (89) found nerve endings in abnormal discs that 
penetrated the anulus to reach the nucleus pulposus. 

Disc Herniation Tissue Is Hypervascular 

Herniated disc material is hypervascular with fibroblast growth 
factor promoting granulation tissue formation when stimulated 
chemically or secondary to an autoimmune response to the nu¬ 
cleus pulposus. Prolapsed disc tissue may disappear with time 
as vascularization of the herniated disc brings degrading agents 
to the disc (314). 

Anular Damage Leads to Disc Degeneration 

Traumatomechanical damage to the anulus fibrosus seems to al¬ 
ter the biomechanics and nutritional status of the whole disc, 
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leading to nuclear degeneration and aberrant collagen deposi¬ 
tion. Anulus fibrosus healing is most active during the first 
month after injury and, although the nucleus pulposus may not 
be directly af fected by the injury, its cell types change and start 
to synthesize, thereby increasing amounts of aberrant collagen 
types. An anular injury causes secondary cellular reactions in 
the nucleus pulposus (315). 

MRI Studies 

In a patient with no history of back pain, an MRI was perf ormed 
on the day of an accident showing no abnormalities and indi¬ 
cating no disc pathology prior to the accident. A T2-weighted 
MRI 2 months after the accident showed a decline in disc sig¬ 
nal intensity; extrusion became clearly visible on MRI 1 1 
months after the accident. It is thought that the direct impact 
of an external force created a rupture (or incomplete rupture) 
in the anulus fibrosus, which represented a weak spot mechan¬ 
ically to release stress on the disc, leading to gradual extrusion 
of the nucleus pulposus. MRI showed that this was not a tran¬ 
sient injury inflicted at the time of the accident, but rather one 
that developed over many months (316). 

Subdiscal Bone Changes 

Subdiscal bone has shown that deterioration accompanies disc 
degeneration. This bone change is in response to stress-adaptive 
properties of bone (Wolff’s Law) as the well-hydrated nucleus 
loses proteoglycan macromolecules and develops a heteroge¬ 
neous distribution of physical and mechanical properties in can¬ 
cellous bone tissue. Intervertebral disc and vertebral bone 
properties arc interdependent, which is an important implica¬ 
tion in the degenerative processes in the spine and in the cause 
of low-spine pain (317). 

End Plate Failure Starts Degeneration 

The end plate is the weakest structure of the spinal segment 
(body-disc-body), and spinal failure always starts in the end 
plate and not in the anulus. The compressive load required to 
initiate failure in the anulus is approximately double that re¬ 
quired to initiate a fracture in the end plate. The location of the 
initial failure is not affected by any initial tears in the anulus, 
and it always occurs in the end plate. Discrete peripheral tears 
in the anulus fibrosus may have a role in the formation of con¬ 
centric anular clefts and in accelerating the degenerating pro¬ 
cess of the disc (318). 

Nerve Innervation of the End Plate 

Medullary cavities of vertebral bodies are innervated by both 
autonomic and sensory nerve fibers, with substance P and cal¬ 
citonin gene-related peptide seen in perivascular nerve fiber 
plexuses of the vertebral bodies through the nutrient foramina 
into the disc. It is assumed that the end plate microcirculation 
supplies most of the nutrition to the nucleus pulposus and fail¬ 
ure of nutritional supply leads to disc cell death and degenera¬ 
tion. Disc and end plate breakdown is accompanied by in¬ 


creased sensory nerve supply, which strongly suggests that the 
end plate and vertebral body are a source of pain. This may ex¬ 
plain the severe pain on movement experienced by some pa¬ 
tients with degenerative disc disease (319). 

Sequestered Disc Material 

Extruded disc material invariably is nucleus pulposus (54%) or 
end plate material (44%) in surgical specimens. Multiple and 
recurrent sequestered fragments almost always consist of end 
plate material. These findings may reflect the result of meta¬ 
bolic alterations in the course of disc degeneration (320). 

Fragments of cartilaginous end plate arc anulus fibrosus more 
often than nucleus pulposus in patients older than 30 years of 
age, especially in those more than 60 years of age (321). Avulsed 
end plate with anular anchoring occurs more often than hernia¬ 
tion of the nucleus pulposus in the elderly. (322). 

Schmorl's Nodes with Posterior Disc Herniations 

Schmorl’s nodes occur more frequently in patients with low 
back pain, and they arc associated with posterior disc hernia¬ 
tions most often at the L4-5 level. Schmorl’s nodes are associ¬ 
ated with increased disc herniation at the same level with in¬ 
creased age. They appear, therefore, to be a type of vertical disc 
herniation, an important pathognomonic condition, especially 
in young people (323). 

Vibration Effects 

Vibration affects the cancellous bone adjacent to the nucleus 
space with fatigue fracture of bone as a cumulative trauma and 
subsequent loss of nucleus content, which initiates the degen¬ 
erative processes. Anulus fibers do not appear to be vulnerable 
to rupture when the segment is subjected to pure axial vibra¬ 
tion (324). Whole body vibration causes increased height loss 
(325). A strong correlation exists between vibration and back 
pain as body vibration alters the normal neuropeptide profile 
seen in dorsal root ganglion neurons. 

Nuclear clefting with mitochondria and rough endoplasmic 
reticulum free the ribosomes and lysosomal volumes crowded 
in the cleft spaces of vibrated cells (326). 

FACET JOINT IN CAUSE OF LOW BACK PAIN 

Fibrous Capsule, Ligamentum Flavum, and 
Multifidees Muscle 

The outermost fibers of the facet fibrous capsule are intimately 
interwoven with the multifidi muscle’s insertion on the lamel¬ 
lar process of the vertebrae (327). The outer layer of the fi¬ 
brous capsule is dense regular parallel bundles of collagenous 
fibers and the inner layer consists of bundles of clastic fibers, 
similar to the ligamentum flavum (328) (Figs. 2.136 and 
2.1 37). In the superior and middle capsule, the fibers run in the 
medial to lateral direction, crossing over the joint gap. In the 
inf erior capsule, the fibers arc relatively thicker and longer, and 
they run in a superior-medial to inferior-lateral direction, cov¬ 
ering the inf erior articular recess. 
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Figure 2.136. A. Posterior view ol the right L3—L4 facet joint. The outer layers of the capsule were re¬ 
moved. B. Diagram showing the inner layer ol the fibrous capsule ol the facet joint. The bundles of fibers 
of the facet joint capsule ( FC) run in the medial to lateral direction, crossing over the joint gap, and attach 
close to the joint margins. In the inf erior part of the joint (arrow), the fiber bundles arc longer and com¬ 
posed of thicker layers than those in the superior and middle parts of the joint. (Reprinted with permission 
from Yamashita T, Minaki Y, Ozaktay AC, et al. A morphological study of the fibrous capsule of the hu¬ 
man facet joint. Spine 1 996;21 (5): 5 38—543.) 


The facet joint capsule is well innervated by fine nerve 
fibers, which may conduct nociceptive and proprioceptive sen¬ 
sations. Most nerve fibers and endings are located in the mid¬ 
dle-lateral and inf erior part of the capsule (328). Between the 
capsular ligament and the ligamentum flavum are elastic fibers 
from the ligamentum flavum, which are particularly abundant 
near the superior and inferior ends of the joint (328). 

The L5—L6 rat facet j oints are innervated b y dorsal root gan¬ 
glia and paravertebral sympathetic ganglia. LI and L2 dorsal 
root ganglia receive sensory fibers from the facet joint via the 
sympathetic chain, and this pathway can explain anterior thigh 
and inguinal pain from facet irritation. Dorsal rami also inner¬ 
vate the facet capsule with each one supplying at least two facet 
joints; for example, L4— L5 facet joints would be innervated by 
the medial dorsal ramus branches from L3 and L4 spinal nerves 
in humans (329). 

Pathologic findings in paraspinal muscles such as the mul- 
tifidi are seen in electromyographic studies, and such findings 
can be caused by facet degeneration, which places compres¬ 
sion on the dorsal ramus and innervates the laminar perios¬ 
teum. Bending type injuries or hypermobility of the vertebral 


structures abnormally stress the dorsal ramus to result in 
pain (3 30). 

Joint Capsule Mechanoreceptors 

All the synovial joints of the body (including the apophyseal 
joints of the vertebral column) are provided with four varieties 
of receptor nerve endings (331). 

Type I mechanoreceptors consist of clusters of thinly en¬ 
capsulated globular corpuscles that are embedded (as three-di¬ 
mensional bunches of grapes) in the outer layers of the fibrous 
joint capsule. They have a low threshold, so that they respond 
to small increments of tension in the part of the joint capsule in 
which they lie; some in each joint have such low threshold that 
they fire continuously even when the joints are immobile. 
Their response to sustained changes of tension in the joint cap¬ 
sule is one of slow adaption. When the joint capsule tension is 
increased by stretching (e.g., active movement or passive ma¬ 
nipulation, or with traction), their frequency of resting dis¬ 
charge rises in proportion to the degree of change in joint cap¬ 
sule tension. Type 1 receptors, therefore, function as static and 
dynamic articular mechanoreceptors. 
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Type II mcchanorcccptors are thickly encapsulated conical 
corpuscles embedded in the deeper layers of the fibrous joint 
capsule that abut the subsynovial tissue. They are inactive in 
immobile joints and emit only brief bursts of impulses (lasting 
less than 0.5 second) at the moment when joint capsule tension 
is augmented. Therefore, they behave exclusively as dynamic 
(or acceleration) mcchanorcccptors. 

Type III mcchanorcccptors arc much larger, thinly encap¬ 
sulated corpuscles on the surfaces of joint ligaments, but they 
are absent from the ligaments of the vertebral column. They re¬ 
spond only when high tensions arc generated in joint ligaments. 
Their discharge frequency is a continuous function of the mag¬ 
nitude of that tension no matter how it is generated (which is 
usually by powerful joint manipulation or the application of 
high traction forces). 

Type IV receptor system is responsible for evoking joint 
pain when irritated. This unmyelinated nerve nociceptive 
plexus is contained in the entire thickness of the fibrous 
capsule, but it is absent from synovial tissue, intra-articular 
menisci, and articular cartilage. In collateral and intrinsic joint 
ligaments (and in the spinal ligaments), on the other hand, this 
nociceptive receptor system is represented by individual free 
unmyelinated nerve endings that weave between the fibers of 
the ligament. This receptor system remains entirely inactive in 


normal circumstances, an4 only becomes active when it is irri¬ 
tated by abnormal mechanical or chemical (as in joint inflam¬ 
mation) changes in the tissue in which it lies (331). 

The facet capsule, but not the ligamentum flavum, is sub¬ 
stantially innervated by sensory and autonomic nerve fibers, 
and it has a structural basis for pain perception (332). 

Mechanoreceptor Location and Irritative Factors 

Articular nerves contain myelinated and unmyelinated sensory 
af ferent fibers and unmyelinated ef ferent sympathetic postgan¬ 
glionic fibers. Group II afferents arc located in the fibrous cap¬ 
sule, articular ligaments, menisci, and adjacent periosteum, 
but not in the synovial tissue and the cartilage. Group III and IV 
fibers terminate as noncorpuscular or “free nerve endings” in 
the joint tissue. Noncorpuscular endings have been located in 
the fibrous capsule, adipose tissue, ligaments, menisci, and pe¬ 
riosteum. Whether noncorpuscular sensory nerve endings are 
found in the synovial layer is disputed ( 3 3 3). 

Chemical or Physical Stress of Joint Tissues 
Affects Receptors 

Several inflammatory mediators (prostaglandins, thrombox¬ 
anes, leukotrienes, kinins, and others) have been identified in 
synovial fluid. They are either produced by tissues in the joints 



Figure 2.137. A. Posterior view of the right L3—L4 facet joint. 15. Diagram showing the outer surface of 
the facet joint capsule. The ligamentous fibers of the facet joint capsule (FC) run in the medial to lateral di¬ 
rection. The tendinous hand of the rotatorcs muscle (RM) (i.e., the deepest layer of the multifidus muscle) 
lies on the medial part of the capsule. (Reprinted with permission from YamashitaT, Minaki Y, Ozaktav AC, 
ct al. A morphological study of the fibrous capsule of the human facet joint. Spine 1996; 21 (5): 538—543.) 
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or are released during joint inflammation. Substance P causes 
articular plasma extravasation and cell inflammatory response 
(333, 334). Substance P nerve fibers within subchondral bone 
of degenerative lumbar facet joints implicates this type of joint 
in the cause of low back pain (335, 336, 336A). 

Type II Mechanoreceptors 

Chiropractic adjustment greatly affects type II mechanorecep¬ 
tors. Type II mechanoreceptors are the most abundant type 
found in cervical facet capsules, proving that these tissues are 
monitored by the central nervous system. This implies that 
neural input from the facets is important to proprioception and 
pain sensation in the cervical spine. Previous studies have sug¬ 
gested that protective muscular reflexes modulated by these 
types of mechanoreceptors are important in preventing joint 
instability and degeneration (337). 

Mechanical loading of the lumbar spine, which results in 
posterolateral bending, activates low- and high-threshold sen¬ 
sory fibers of the facet capsule, which may play a role in initi¬ 
ating facet joint syndrome (338). A “degenerative cascade” 
concept suggests that facet osteoarthritis may follow disc de¬ 
generation (339). 

Facet Joints in Low Back Pain 

Although lumbar zygapophysial joint pain admittedly exists, it 
cannot he clinically identified without diagnostic block (340). 
Although the lumbar facet joints are important biomechani¬ 
cal ly, the facet is not a common or clear source of significant 
pain. The facet syndrome is not a reliable clinical diagnosis. In- 
tra-articular saline injection into the facets in control cases is as 
effective as local anesthetic and steroids in temporarily reliev¬ 
ing the patient’s pain (341). However, facet syndrome low 
hack pain is frequently referred into the groin, hip, or thigh. It 
occasionally radiates below the knee hut not into the foot. Pain 
is generally a deep, dull ache that is difficult to localize (341). 

Pain Provocation 

Single, uncontrolled, diagnostic blocks are unreliable as a diag¬ 
nosis criterion because they carry a 32% placebo rate and a 38% 
false—positive rate. Therefore, correlating provocation to sin¬ 
gle blocks is, at best, capricious and, at worst, meaningless. 
Pain provocation does not identify those joints that respond to 
double blocks. Pain provocation as practiced in the context of 
lumbar zygapophysial joint pain does not control for false—pos¬ 
itive response and, for that reason, cannot he used as a diag¬ 
nostic criterion (342). 

CT Value As a Diagnostic Test for Facet Joint Pain 

No demonstrable relationship is seen on CT between the de¬ 
gree of osteoarthritic change and zygapophysial joint pain. 
Whatever the cause or mechanism of pain, it is not evident on 
CT, and it is not expressed in terms of the established, radi¬ 
ographic features of osteoarthritis. It must he concluded that 
CT has no value as a diagnostic test for lumbar zygapophysial 
joint pain (343). 


Decreased Nuclear Pressure 

A general, three-dimensional static nonlinear finite-element 
model has been used to analyze the ef fect of change in nucleus 
fluid content on the mechanics of a lumbar segment subjected 
to various combined loads. The results show: 

1. Intradiscal pressure rises with a gain and diminishes with a 
loss in fluid content. 

2. Fluid content loss markedly increases the facet contact 
forces and reduces the tensile force in the anulus layers, es¬ 
pecially those situated in the inner layers. Reverse trends are 
predicted when the fluid volume is increased. 

3. Except under combined extension and compression load¬ 
ing, segmental overall rigidity increases with fluid gain and 
lessens with fluid loss. 

4. Nucleus fluid loss tends to cause inward bulge at the inner 
anulus layers. 

5 . Nucleus fluid plays a major role in segmental mechanics by 
carrying a portion of the applied compression, stressing the 
anulus layers, and supporting the surrounding anulus layers 
from bulging inward. 

6. Disc fluid loss disrupts the normal function of the disc nu¬ 
cleus and predisposes the facets to additional loads, the an¬ 
ulus to possible instability and disintegration, and the verte¬ 
bral body to bone remodeling (344). 

Abnormal loading of the facets, either primarily or as a con¬ 
sequence of disc degeneration, may accelerate their degenera¬ 
tion and cause low back pain (345). 

OTHER FACTORS IN BIOMECHANICALLY 
INDUCED LOW BACK PAIN 

Sex 

Overall, men have a mean total of seven osteophytes (range, 0 
to 49) and women a mean total of three (range, 0 to 43) (346). 

Diurnal Loss of Height Loads the Facet Joints 

Simulated diurnal volume mean decrease in the lower three 
lumbar discs is 16.2% (1% of standing body height). Most of 
the diurnal loss in disc height is caused by volume loss (347). 

Intervertebral distances between LI and L4 are significantly 
greater in the morning than in the evening. Average diurnal 
change in the total intervertebral distance LI— L4 is 5.3 mm 
(348). Intervertebral disc height decreased significantly be¬ 
tween 8 am and 1 pm, with little change from 1 to 6 pm. The 
greatest change is noted at the L4 -L5 level (349). On MRI pa¬ 
tients showed decreased signal :noise ratio from morning to 
evening because of dehydration (350). 

High Heels Reduce Lumbar Lordosis in Men 

A significant trend toward decreasing rather than increasing 
lumbar lordosis with progressively higher heels was found only 
among male subjects. No trend in either direction was found 
among female subjects. These and other results suggest that the 
greatest compensation for heel height occurs distally (351). 
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Immobilization 

After immobilization, an increase (extension 62%; flexion 
85%; left bend 30%; right bend 26%) in motion at the adjacent 
segment was found for all motions. For all configurations, the 
facet contact site impinged in extension, remained unchanged 
in left bending, and moved superiorly in right bending (352). 

Surgical immobilization of long segments of the spine in¬ 
creases the load and motion both at the immediate adjacent seg¬ 
ment and at the distal segments ( 3 5 3). 

Chondromalacia Facetae 

Even in young adults, many facet joints show ulceration or se¬ 
vere fibrillation, and this seems to remain constant throughout 
adult life (Fig. 2.1 38). Disc degeneration is an age-related find¬ 
ing, usually occurring with greatest frequency in older age. 
Thus, it is plausible that facet cartilage degenerates early in life, 
which leads to back pain unrelated to the age-related changes 
that occur in the disc ( 373). 

Single Photon Emission Computed 
Tomography (SPECT) 

Facet joint disease is often seen on SPECT as in the following 
case of a woman scanned to evaluate possible metastatic dis¬ 
ease from breast carcinoma. Following the administration of 
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Figure 2.138. Examples ofthe surface appearance of facet cartilage af¬ 
ter staining with India ink. A. Intact and superficially fibrillated facet. B. 
Deep fibrillation and ulcer. (Reprinted with permission from Ziv I, 
Marouda C, Robin G , et al. Human facet cartilage: swelling and some 
physicochemical characteristics as a function of age. Part 2: age changes 
in some biophysical parameters of human facet joint cartilage. Spine 
1993; 18( 1): 136 146.) 



Figure 2.139. Planar radionuclide bone scan shows nonspecific uptake 
ofthe radioisotope within thcT9—T10 vertebra. 

22.0 mCi of 99M Tc, multiple camera images ofthe body were 
performed. 

Low-grade increased accumulation of radioisotope was seen 
within the lower thoracic region at approximately the T9—10 
level on the left side (Figs. 2.1 39 and 2.140). SPECT imaging 
was obtained for further evaluation. The increased accumula¬ 
tion of radioisotope at the T9—10 level on the left side is pos¬ 
terior (Fig. 2.141), and it is likely within the facet joint. There¬ 
fore, the increased accumulation of radioisotope is most likely 
secondary to degenerative facet joint disease. 

Single photon emission computed tomography is superior to 
planar radionuclide bone imaging in selecting patients for facet 
injection intervention for pain relief. Forty-three patients with 
the appearance of potentially symptomatic facet joints on pla¬ 
nar and high-resolution SPECT radionuclide bone imaging 
were studied to relate the relative sensitivity of the two tech¬ 
niques and assess the predictive value in a clinical setting. Find¬ 
ings were high sensitivity (100% SPECT, 71% planar), but 
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Figure 2.140. As in Figure 2.139, the planar hone scan shows non¬ 
specific uptake of the radionuclide. 


somewhat lower specificity (71% SPECT, 76% planar). The 
negative predictive value was high (100% SPECT, 93% pla¬ 
nar). Radionuclide bone imaging additionally discovered non- 
facet joint cause for patient symptoms in 1 6 of the 43 patients. 
Higher spatial resolution SPECT images are better accepted by 
referring physicians who correlated them with CT scan or 
MRI. The high negative predictive value allows radionuclide 
bone imaging to be used to select appropriate patients for the 
invasive facet injection procedure (354). 


Diagnosis of Facet Fracture Following Hyperextension 
Rotation Injury 

A common cause of back pain in athletes and dancers is stress 
injury to the posterior vertebral elements of the lumbar spine. 
A 36-year-old ballerina injured herself in a dance involving 
repetitive hyperextension and spine rotation. Nonprescription 
analgesics, massage, and chiropractic manipulation did not im¬ 
prove her condition. 

A SPECT scan demonstrated increased tracer uptake in the 
L4 posterior elements. A CT scan showed normal pedicles, 
pars interarticularis sclerosis, and irregularity in the dorsal con¬ 
tour of the left L4 inferior facet. Stress fracture of the pars in¬ 
terarticularis became the working diagnosis. 

Bracing in a I 5° Boston Overlapping Brace gave relief; af¬ 
ter 8 weeks, however, pain continued on extension or danc¬ 
ing. Repeat SPECT at 1 year showed the left L4 abnormality 
and CT showed facet degeneration. Anesthetic block pro¬ 
vided temporary relief, but 16 months after presentation 
pain continued. Surgical exploration showed a left L4 infe¬ 
rior nonunion articular facet oblique fracture through the 
facet. Two months after surgery, the patient began dancing 
without restrictions, and she was asymptomatic 2 years after 
surgery. SPECT scanning provides high specificity and sensi¬ 
tivity in diagnosing stress injuries to the posterior vertebral 
elements (355). 

PIRIFORMIS SYNDROME 

Piriformis syndrome is a little known entity in which injury 
to the piriformis muscle results in buttock pain, often associ¬ 
ated with leg pain. It is probably more common than has been 
recognized. Higher resolution MRI may visualize local areas 
of scarring or edema within the piriformis muscle, and it 
offers some hope for objectively documenting severe 
cases (356). 



Figure 2.141. Elcrc, the uptake within the l acet articulation is demon 
strated on SPECT, and it suggests facet degenerative change as opposed 
to metastatic disease. 
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Symptoms 

The primary symptom of piriformis syndrome is buttock pain, 
with or without posterior thigh pain, that is aggravated by sit¬ 
ting or activity. Associated low back pain suggests involvement 
of other structures (e.g., facet joints or iliopsoas muscles). In 
an isolated piriformis syndrome, the major findings included 
buttock tenderness from the sacrum to the greater trochanter, 
piriformis tenderness on rectal or vaginal examination and re¬ 
production of buttock pain on prolonged hip flexion, adduc¬ 
tion, and internal rotation. Because of the location of the piri¬ 
formis muscle deep in the pelvic floor, a female patient may 
also present to her gynecologist with synpareunia or to a gas¬ 
troenterologist with rectal pain exacerbated by bowel move¬ 
ments. It can also be a complication of pelvic, hip, or other 
surgery caused by rough handling during anesthesia, extreme 
or unusual positioning of the hips, or prolonged weightbearing 
on the buttocks during the surgical procedure. Minor findings 
include leg length discrepancy, weak hip abductors (possibly, a 
positive Trendelenburg sign), and painful hip abduction against 
resistance while sitting. External rotation of the hip on lying 
supine has also been noted (356). 

Sciatic Nerve Relationship with the 
Piriformis Muscle 

The origin of the piriformis muscle is the anterior sacrum and 
the gluteal surface of the ilium near the posterior inferior iliac 


spine and ihe capsule of the sacroiliac joint; it inserts the greater 
trochanter upper medial border. This muscle acts as an abduc¬ 
tor and external rotator of the hip joint. Double insertion of the 
piriformis muscle is seen in 10 to 1 5% of persons and the sci¬ 
atic nerve or its peroneal division passes through the split piri¬ 
formis muscle. 

Bipartite Piriformis Muscle Compression of the 
Sciatic Nerve 

Case 3 

A 28-year-old housewife had chronic aching pain in her left but¬ 
tock radiating to the posterior thigh for 3 years. Progressive an¬ 
kle and toe extensor weakness, and intermittent claudication de¬ 
veloped in 3 months. She had been treated with nonsteroidal 
anti-inflammatory drugs, ultrasound, diathermy, and physiother¬ 
apy without improvement (357). She held her left lower extrem¬ 
ity externally rotated and her left gluteal muscles were slightly at¬ 
rophic. Tenderness at the left notch was elicited by external 
palpation and by rectal examination. Straight leg-raising and 
Laseque tests were both positive. Weakness of the ankle and toe 
extensors was evidenced by a drop foot. Both knee and ankle 
jerks were normal. Hypesthesia and numbness were noted in the 
distribution of the peroneal nerve. Computerized tomography of 
the pelvis showed a hypertrophic piriformis muscle on the left 
side (Figs. 2 142-2.144) 

On surgical exploration, the piriformis muscle was found to be 
bipartite with a larger upper two thirds and a smaller lower one 
third; both parts blended as a conjoint tendon inserting into the 
piriformis fossa at the medial aspect of the upper border 
of the greater trochanter. The sciatic nerve, inferior gluteal nerve, 



Figure 2.142. The computed tomography scan of the pelvis showing the hypertrophic bipartite piri¬ 
formis muscle. The piriformis is outlined b x small white arrows. Black arrows identify the sciatic nerve. Large 
white arrows show the intramuscular septum. (Reprinted with permission from Chen WS. Bipartite piri¬ 
formis muscle: an unusual cause of sciatic nerve entrapment. Pain 1994;58:269-272.) 
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Figure 2.143. The left sciatic nerve (black arrows) traversing the intramuscular septum (black arrowheads) 
within the piriformis muscle (outlined by white arrows and arrowheads ) is shown. The nerve is anterior to the 
upper portion of the muscle (white arrowheads ) and posterior to the lower portion of the muscle. (Reprinted 
with permission from Chen WS. Bipartite piriformis muscle: an unusual cause ol sciatic nerve entrapment. 
Bain 1994;58:269-272.) 



Figure 2.144. The intraoperative photograph showing the sciatic nerve and its accompanying vessels 
(arrows ) traversing the piriformis muscle, which was bipartite with a larger upper portion (large arrows ) and 
a smaller lower portion (small arrows). (Reprinted with permission from Chen WS. Bipartite piriformis 
muscle: an unusual cause ol sciatic nerve entrapment. Bain 1994;58:269-272.) 






Chapter 2 Biomechanics of the Lumbar Spine 117 


and inferior gluteal vessels traversed the septum between the 
two parts of the muscle and were entrapped. The lower part of 
the piriformis muscle was dissected and brought posterior to the 
sciatic nerve and sutured to the upper portion. Sciatic pain was 
completely relieved postoperatively. Weakness of the ankle and 
toe extensors resolved in 2 years (358). 

In another surgical exploration of the sciatic nerve, a fibrous 
constricting band around the nerve and a piriformis muscle lying 
anterior to the nerve was documented. Subsequent sectioning of 
the anomalous muscle and the constricting band yielded com¬ 
plete resolution of the patient's symptoms (358). 

Superior Gluteal Nerve (SGN) 

Entrapment Syndrome 

The SGN, which is derived from the posterior branches of the 
fourth and fifth lumbar and the first sacral nerves, lies be¬ 
tween the gluteus minimus and gluteus medius muscle fibers. 
It can become entrapped as a result of trauma or abnormal 
posture. Increased lumbar lordosis with internal rotation of 
the hip can press the piriformis muscle against the ilium and 
the inferior fibers of the gluteus minimus, entrapping the 
nerve. A clinical triad of presentation is aching gluteal pain, a 
profound weakness of the hip abductor muscles, and tender¬ 
ness to deep palpation in the region just lateral to the greater 
sciatic notch (359). 

Piriformis Bursitis-Induced Sciatica 

Case 4 

A 73-year-old woman was admitted to the hospital with a history 
of several weeks of increasing pain in her right knee and right hip. 
She was being considered for total hip and knee replacements. 
The femoral head was grossly deformed. The acetabulum was 
mildly deformed with hypertrophic bone production and sclero¬ 
sis. A single contrast arthrogram of the right hip showed an en¬ 
larged and irregular joint space. 

Contrast medium filled a large, irregular, saclike space within 
the pelvic cavity that communicated with the medial aspect of the 
hip joint. As this cavity filled, the patient complained of increasing 
pain in her right knee identical to that which she had been having. 
CT scan confirmed the presence of contrast medium in an enlarged 
right piriformis bursa, which compressed the right sciatic nerve and 
caused it to deviate from its normal course. 

Diagnosis was piriformis bursitis causing sciatic neuropathy. 
The patient was managed conservatively with some improve¬ 
ment, and she was discharged 3 weeks after admission. Enforced 
bed rest during her hospital stay probably allowed spontaneous 
resorption of joint and bursal fluid to occur (360). 


BIOMECHANICAL FACTORS IN 
CHIROPRACTIC MANIPULATION 

Stenosis Reversal 

Reversal of spinal stenosis was tested by distraction of ten ca¬ 
daveric motion segments, and stenotic narrowing of the inter¬ 
vertebral disc and facet subluxation were reversed. Decom¬ 
pression of the foraminal space was statistically significant in 7 
of 10 cadaveric specimens after 5 mm of distraction, and in 9 


of 10 specimens after 10 mm of distraction. Minimal yet in¬ 
significant improvement in stenotic canal area was evident with 
distraction (361). 

The intervertebral foraminal shape is oval when the inter¬ 
vertebral disc is normal, and auricular shaped when abnormal. 
Foraminal size varied from 40 to 1 60 mm 2 with great variation 
even at individual levels (362). 

Manipulation Side Posture Adjustment 
Effect on Myofascial Point Relief 

Thirty subjects aged 18 to 50 years with chronic mechanical 
low back pain were randomized into two groups. One group 
received manipulation and the other received mobilization. 
Manipulation was performed in the side-lying position. The 
mobilization procedure consisted of an assisted supine knee-to- 
chest maneuver. 

Pain-pressure threshold of selected myofascial points were 
measured before, immediately after, and 1 5 and 30 minutes 
postintervention. Three myofascial points selected for mea¬ 
surements were: 

1. Over the erector spinae muscle at the L5 level, located 4 cm 
lateral to the ipsilateral L5 spinous process. 

2. Over the posterior sacroiliac ligament, located 1 cm medial 
to the most prominent part of the ipsilateral posterior supe¬ 
rior iliac spine. 

3. Over the gluteus muscle group, located by the intersection 
of a line joining the ipsilateral posterior and anterior iliac 
spines and a perpendicular line originating from the most 
lateral aspect of the ipsilateral ischial tuberosity. 

Repeated measured analysis of variance for all locations 
failed to show clinical or statistical significance. The overall ef¬ 
fect between treatments and the interaction between treat¬ 
ment and time was not significant (363). 

Chemical Inflammation of the Nerve Root 

One final method of aggravation of the nerve roots in the lum¬ 
bar spine that can result in sciatic pain is chemical radiculitis. 
Regardless the form of manipulation given, the chemical irrita¬ 
tion of the nucleus pulposus to the nerve root is important. De¬ 
generative disc disease may produce an autoimmune mecha¬ 
nism as a prolonged cause of pain. Marshall and Trethewie 
(364) consider the acute disc pain to be caused by local irrita¬ 
tion of the nerve root by edema and release of protein and H 
substance at the site of disc injury. Auto-antibodies to autoge¬ 
nous nucleus pulposus have been experimentally produced in 
rabbits. 

Manipulation and 
Flexion-Extension Exercises 

The relative ef fectiveness of an extension program and a ma¬ 
nipulation program with flexion and extension was examined 
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in 49 patients with low back syndrome seen at physical ther¬ 
apy clinics. The rate of positive response was greater in the 
manipulation/hand-heel rock group than in the extension 
group (365). 

SHORT-LEG BIOMECHANICS AND 
BASIC CORRECTION 

The possible association between pelvic obliquity and low back 
pain was investigated in low back pain patients and a control 
population (366). 

The clinical importance of leg length inequality depends on 
the degree of the inequality and its relationship with a number 
of conditions and problems: 

1. A possible correlation between the resultant pelvic obliq¬ 
uity and any degenerative changes in the lumbar spine (e.g., 
arthrosis, spondylosis). 

2. A possible association with low back pain. 

3. A correlation with hip joint degenerative changes. 

4. A correlation with knee joint degenerative changes—"long 
leg arthropathy.” 

5. Psychological difficulties associated with the esthetic conse¬ 
quences of the postural deformity. 


spinal nerve root on the long-leg side. Lateral bending of the 
lumbar motion segment is always coupled with an axial rota¬ 
tion, so that the posterior elements tend to rotate toward the 
concavity of the curve. These complicated bending and tor¬ 
sional loads on lower intervertebral joints, ligaments, and, es¬ 
pecially, on discs may be causative factors for low back symp¬ 
toms associated with LLI (368). 

Hip Osteodegenerative Arthritis on Long- 
Leg Side 

Present knowledge of hip biomechanics supports the con¬ 
tention that the stresses imposed on the hip on the side of the 
longer leg are greater than normal; those on the short side 
are comparably reduced. Indirect measurements have demon¬ 
strated greater stress on the hip if the pelvis is adducted, a per¬ 
sistent and chronic condition of the hip joint on the side of a 
long leg. Furthermore, the pressure on the acetabulum will be 
displaced laterally in those circumstances. The consistent pat¬ 
tern of degeneration in unilateral superolateral osteoarthritis of 
the hip is what would be expected if the consequences of leg 
length disparity were as described. Leg length inequality may 
be a major contributing factor in the development of this type 
of unilateral degenerative hip disease (369). 


However, most patients with leg length inequality of 1 cm 
or more have no known cause for this inequality, which arises 
during normal growth without any apparent pathology. 

Radiographic asymmetric structural changes in the lumbar 
spine, which appear to be correlated with pelvic obliquity and 
the consequent postural lumbar scoliosis, were described in 
two groups of nonacute low back pain patients: those with a leg 
length difference of greater than 9 mm, and those with no leg 
length difference (0 to 3 mm). With leg length inequality, con¬ 
cavities in the end plates of lumbar vertebral bodies, wedging 
of the fifth lumbar vertebra, and traction spurs appear (367). 

Disc Protrusion on Long-Leg Side 

In 700 patients, aged 14 to 89 years, with chronic low back 
pain, the incidence of leg length inequality (LLI) was two to five 
times that observed in the symptom-free control group. In a 
series of 228 cases of sciatica, the pain radiated to the longer 
leg in 78%. In 241 cases, the chronic unilateral hip pain symp¬ 
toms and arthrotic changes were located on the long-leg side. 
In 73% of 1 80 cases with chronic unilateral knee symptoms and 
arthroses, the symptoms were found on the short-leg side 
(368). 

These observations can logically be interpreted by the bio¬ 
mechanical effects of LLI on the musculoskeletal system. Pelvic 
tilt caused by LLI is generally compensated with a functional 
scoliosis convex to the short-leg side. During bending of lum¬ 
bar motion segments, the discs are compressed on the concave 
side of the curve, and they put a tensile load on the opposite 
side. On the compression side, the disc bulges. In the case of 
LLI, the disc bulges in the posterolateral direction toward the 


Gauging Leg Length Inequality 

The postural considerations outlined in the discussion of x-ray 
methodology are useful in clinically estimating leg length dis¬ 
parity. The examiner sits behind the patient who stands with 
the feet parallel and about 7 inches apart. The patient should 
stand erect and look forward, not downward. The knees must 
be straight and the pelvis centered over the feet. If significant 
leg length disparity exists, three observations will be made: (a) 
the upper lateral thigh on the long side will protrude; (b) scol¬ 
iosis will be apparent; (c) the examiner’s hands placed on top 
of the iliac crests will rest at different heights. All three of these 
findings should be present to accurately estimate disparity. 

Next, place under the foot of the presumed short side, a 



Figure 2.145. Lifts used in corrective procedures. (Reprinted with 
permission from Aspergren DD, Cox JM, Trier KK. Short leg correc¬ 
tion: a clinical trial of radiographic vs. non-radiographic procedures. J 
Manipulative Phvsiol Ther 1987; 10(5):233— 237. Copyright bv the Na¬ 
tional College of Chiropractic, 1987.) 
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Figure 2.146. Radiograph demonstrating 16-mm difference in femoral head height. (Reprinted with 
permission from Aspergrcn DD, Cox JM, Trier KK. Short leg correction: a clinical trial of radiographic 
vs. non-radiographic procedures. J Manipulative Physiol Ther 1987; 10(5):2 3 3—2 37. Copyright by the Na¬ 
tional College of Chiropractic, 1987.) 


block of an appropriate thickness (e.g., 1/4 inch, 3/8 inch, 
1 /2 inch) and repeat the observations. The thighs should now 
be symmetric, the spine straight, and the hands level. 

Finally, place the same block under the presumed longer 
leg. The three observations originally made should now be ex¬ 
aggerated. Unless these simple checks confirm the initial ob¬ 
servations, the estimate of leg length disparity is in doubt. The 
size of the block necessary to bring the pelvis to an appropriate 
level is an indication of the amount of disparity (369). 

Short-Leg Incidence and Correction 

In 576 low back pain cases, I found 1 1% had a leg length dis¬ 
crepancy of more than 6 mm after maximal correction of the 
patient’s mechanical faults and maximal improvement attained 
(370). In that study, a minimal shortness of 6 mm of one 
femoral head was corrected with heel or heel and sole lift; with 
up to 9 mm difference, a heel lift was inserted; and with more 
than 10 mm difference, an entire lift was placed on the heel and 
5 mm less under the sole of the shoe. Also, for reasons of van¬ 
ity, up to 9 mm could be placed inside the shoe with any lift 
over 9 mm placed under the heel and sole. 

Correction of Leg Length Disparity 

To outline the treatment protocol used in our clinic to correct 
leg length disparities, a study will be summarized in which vi¬ 
sual leg length insufficiency detection and correction were 
compared with established radiographic procedures on 41 con¬ 
secutive patients. 



Figure 2.147. Photograph of patient being radiographed with short leg 
buildup in place. 
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Figure 2.148. Same patient as in Figure 2.146, only requiring 10 mm to level the femoral heads. 
(Reprinted with permission from Aspergren DD, Cox JM, Frier KK. Short leg correction: a clinical trial 
ol radiographic vs. non-radiographic procedures. J Manipulative Physiol Thcr 1 987; 10(5):233 237. Copy¬ 
right bv the National College of Chiropractic, 1987.) 


Caillict (1 36) used visual correction with three points of ref¬ 
erence to determine short leg and its correction: (a) iliac crest 
levelness; ( b ) vertical appraisal of the spine from the sacral base 
(the spine should be perpendicular to the sacral base); and (c) 
levelncss of the postcrosupcrior iliac spine dimples. Lifts of 
varying thickness are placed under the foot of the short leg in 
leg length corrective procedures. 

Caillict’s study (1 36) found that visual measurement did not 
differ significantly from x-ray measurement of leg length insuf¬ 
ficiency. This allowed us to level the iliac crests on the short- 
leg side and low hemipelvis in comparison to the opposite side 
by placing lifts under the short extremity. We then took a ra¬ 
diograph through the femoral heads with the patient standing 
to confirm that the heads were now indeed level. In 75% of the 
cases of short leg, the buildup seen visually to level the pelvic 
iliac crests was the amount shown on radiograph to correct to 
the insufficiency. This allowed us to minimize radiation to the 
patient by having to take only one radiograph to confirm level¬ 
ness of the femoral heads. In the other 25% of cases, we had to 
add to or subtract from the buildup until we found correction. 

Procedure to Level the Iliac Crests for 
Short-Leg Correction 

The patient is examined standing barefoot with both legs fully 
extended the same distance apart as the femoral heads. First, 
at arms length, the doctor places one index finger on each il¬ 
iac crest and evaluates the horizontal level of the pelvis. It is 
desirable for the crests to be level. If they are not, a short leg 


may be present, and correction may be needed. Second, the 
“dimples” noted in most people in the region of the sacroiliac 
joints can be “lined up” by eye to furnish another estimate of 
pelvic level. It is also desirable to have the dimples horizontal. 
Except in obese or thin patients, we found the dimples were 
easily visualized. The third phase of visual evaluation involves 
observation of the lumbar spine in its vertical position related 
to the base of the sacrum. The spinous processes of the verte¬ 
brae are usually prominent, and they can be seen in the groove 
created by the erector spinac muscle groups. The desired po¬ 
sition of the spine is at a right angle to the sacral base. If an 
oblique vertical position is noted, either the spine is curved or 
the sacral base is not level. A short leg can curve the spine or 
tilt the sacral base. These observations were used as indicators 
of discrepancy. 

If these three clinical methods indicated any leg length dis¬ 
crepancy, correction was performed. Boards of predetermined 
and marked thickness were placed under the foot of the short 
leg until the pelvis became horizontal as gauged by the three 
methods described above. The board thickness required to 
achieve a level pelvis is equal to the shortness of the leg cor¬ 
rected. Board thickness was either 3,6, 12, 1 8, or 25 mm (Fig. 
2.145). 

Following visual determination and correction of the pelvic 
discrepancy, radiographic short-leg study was perf ormed with 
the patient barefoot in an upright position. Focal film distance 
was 40 inches, with the central ray centered anterior to posterior 
at the height of the femoral heads. In accordance with Chamber- 
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Table 2.7 


Description of Visual and 
X-ray Measurements 

Concept Mean 3 Range 3 SD b i] 

Visual 4.88 0-19 5.28 41 

X-ray 4.73 0-19 5.03 41 

Reprinted with permission From Aspegren 13D, Cox jM, Trier KK. Short 
leg correction: a clinical trial of radiographic vs. non-radiographic 
procedures. J Manipulative Physiol Ther, 1987; 1 •(5):233—237. Copyright 
by the National College of Chiropractic, 1987. 

“Measurements are all reported in millimeters. 


Table 2.8 


Is There a Difference Between Visual 
and X-Ray Measurements? 


Concept 

Mean 

SD 

Z a 

Visual 

4.88 

5.28 

0.128 

X-ray 

4.73 

5.03 



Reprinted with permission from Aspegren DU), Cox JM, Trier KK. Short 
leg correction: a clinical trial of radiographe vs. non-radiographic 
procedures. J Manipulative Physiol Ther, 1987; 1 #(5):2 33— 237. Copyright 
by the National College of Chiropractic, 1987. 

“Note: The Z score is not significant at the P — t.#5 level. 


Table 2.9 


Is There a Difference Between Those 
Visual Scores That Are Less Than and 
Those That Are Greater Than X-ray 
Measurement? 


Visual scores equal to x-ray = 1 5 
Visual scores less than x-ray = 14 
Visual scores greater than x-ray = 1 2 


ANOVA Analysis 


Dependent variable: 
Independent variables: 

Visual 

Groups 

Between groups (explained) 
Within groups (error) 

Total 


X-ray measurement 
Sum SQ DF F SIG 

797.55 4 54.9 0 

325.70 2 44.8 0 

893.80 8 30.8 0 

116.25 32 

1010.05 40 


Reprinted with permission From Aspegren 1313, Cox JM, Trier KK. Short 
leg correction: a clinical trial of radiographic vs. non-radiographic 
procedures. J Manipulative Physiol Ther, I 987; 1 •( 5): 23 3—237. Copyright 
the National College of Chiropractic, 1987. 

*To determine strength of relationship: Eta (T) 2 ) = f.885. 


Iain’s view (371), the patient’s feet must he directly under the 
femoral heads to prevent distortion (370). Giles and Taylor 
(366) note that the x-ray tube must be at the height of the femoral 
heads to avoid artificially inducing differences caused by the di¬ 
vergent ray (372). The radiologic technician wasnot informed of 
the visua correction previously recorded. When the Film was 
viewed, a horizontal line was drawn perpendicular to the verti¬ 
cal side of the film across the top of the highest Femoral head (Fig. 

2.146) . The same boards used to level the pelvis previously were 
used to build up the short leg and level the femoral heads (Fig. 

2.147) . The board was placed under the entire sole on the side 
of the low femoral head. A second radiograph was taken to con¬ 
firm the proper height required for correction (Fig. 2.148). 

Results 

Overall results of this study show that, in 1 3 of 41 cases, visual 
determination was as accurate as radiographic appraisal. A sec¬ 
ond group of 1 3 cases were correct within 3 mm when com¬ 
pared to the radiographic standard. Six varied by 6 mm, and 
eight by 9 mm. One patient who was corrected was found to 
be off by 1 2 mm when compared on standing x-ray films. 

In reviewing the results, it was generally found that the dif¬ 
ference between visual and radiographic measurements for leg 
length insufficiency and musculoskeletal disorders is minimal. 
Table 2.7 demonstrates that the mean radiographic measure¬ 
ment is 4.73 mm. Ranges and standard deviations are also 
equal. Furthermore, in testing for a significant difference be¬ 
tween visual and radiographic measures (Table 2.8), it is found 
that the zscore is 0.1 28, which is not significant at the P = 0.05 
level. Therefore, the null hypothesis stands: no difference is 
found between the two types of measurements. 

Technically, radiographic measurement is considered to be 
most accurate. Table 2.9 shows that 1 5 of the visual measure¬ 
ments equal the x-ray measurement, whereas 14 are less than 
and 1 2 are greater than the x-ray measurement. A significant 
relationship is seen between visual and x-ray measures. The n 2 
further shows that the relationship is very strong (0.885). 

This study found that visual measurement did not differ sig¬ 
nificantly from radiographic measurement for leg length insuf¬ 
ficiency. Furthermore, it was found that, when comparing 
those cases in which the visual measurement was less or greater 
than the x-ray measurement, a significant relationship was seen 
between visual and x-ray measurements. The n 2 demonstrates 
a very strong relationship between visual and x-ray methods of 
measurement. 

The purpose of this chapter was to lay a foundation for un¬ 
derstanding the diagnosis and treatment of low back and sciatic 
pain. 
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The credit belongs to the man who is actually in the arena, whose 
face is marred by dust and sweat and blood; who strives valiantly; 
who errs and comes short again and again, who knows the great 
enthusiasms, the great devotions, and spends himselj in a worthy 
cause; who at the best, knows the triumph oj high achievement; and 
who, at the worst, if he fails at least fails while daring greatly, so 
that his place shall never he with those cold and timid souls who 
know neither victory nor defeat. 

—Theodore Roosevelt 
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DORSAL ROOT GANGLION ANATOMY 
AND PHYSIOLOGY 

The dorsal root ganglion (DRG) is vulnerable to compression 
by degenerative structural changes of the disc, Facet, pedicle, 
lamina, and ligamentum flavum, and it modulates pain From the 
motion segments oF the spine by several intrinsic neuropep¬ 
tides. 

Anatomic and Radiographic Location of the 
Dorsal Root Ganglia (1) 

The dorsal root ganglion and ventral root can be bif urcated or 
nonbiFurcated. Figure 3.1 shows the connecting patterns oF 
the DRG and ventral root, and Figure 3.2 shows the types oF 
bif urcations seen, consisting of one DRG and one ventral root, 
one DRG and two ventral roots, or two DRGs and two ven¬ 
tral roots. L4and L5 nerve roots bifurcate and SI is nonbifur- 
cated. 

The positions of the dorsal root ganglion are classified into 
three types: intraspinal, intraforaminal, and extraforaminal 
(Figs. 3.3—3.5). At L4 and L5 nerve roots, they are mostly in¬ 
traforaminal, whereas at SI they are mostly intraspinal. Proxi- 
mally placed ganglia have a high f requency of ganglionic inden¬ 
tation. The DRG is clinically important, and its location may 
correspond to clinical symptoms. Proximally positioned DRGs 
have been associated with radicular symptoms (1). 


The main cause of ganglionic indentation is compression by 
the superior Facet at the intervertebral Foramen, which is 
Found in 24 of 34 roots (70.6%) (Fig. 3.6) Other causes were 
bulging disc in three roots and bulging disc and Facet in seven 
roots (1). 

Analysis of Dorsal Root Ganglion Positions 

Of 442 DRGs analyzed, 100% of L2, 48% of L3, 27% of L4, 
and 1 2% oFL5 were located extraf oraminally; 52% oFL3, 72% 
of L4, and 75% of L5 were located intraforaminally; and 1 3% 
of L5 and 65% oFSl were located intraspinally (2). See Figures 
3.7 to 3.9 For neuroanatomic location and appearance of the 
normal and pathologic DRG. 

Magnetic Resonance Imaging (MRI) Study 
of DRG Size and Location 

The size and location of the lumbar and SI DRG are: 


Level 

Size 

Location 


LI 

3.7 X 4.3 mm 

foramen 

92% in the lumbar 

intervertebral 

L2 

4.6 X 5.7 mm 

98% in the lumbar 
foramen 

intervertebral 

L3 

5.7 X 7.1 mm 

100% in the lumbar intervertebral 
foramen 
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Bifurcation Type of Bifurcation 

In efvertebral Foramen 

1-1 

In . 




Figure 3.1. Classification by connecting patterns of dorsal root gan¬ 
glion and ventral roots at the intervertebral foramen. Ext, extraspinal; Int, 
intraspinal; K, root. (Reprinted with permission from Kikuchi S, Kat- 
suhiko K, Konno S, et al. Anatomic and radiographic study of the dorsal 
root ganglion. Spine 1 994 ; 1 9 ( I ): 6 — 1 1 . Copyright 1994 , Lippincott- 
Ravcn.) 


L4 6.2 X 8.4 mm 100% in the lumbar intervertebral 

foramen 

L5 5.9 X 9.4 mm 95% in the lumbar intervertebral 

foramen 

SI 6.2X11.2 mm 79% in the intraspinal region 

The nerve roots occupy 2 3 to 30% of the area of the inter¬ 
vertebral foramen. The relatively larger DRG in the lower 
lumbar region may be more susceptible to compression than 
the upper DRG, particularly with the higher propensity to disc 
degeneration and intervertebral narrowing in the lower lum¬ 
bar region. The SI nerve root and DRG may both be involved 
as a result of disc herniation or degenerative changes of the L5- 
S1 facet because it is the most intraspinally located DRG of all 
lumbar nerve root complexes (3). 

DRG CHANGES PRODUCE RADICULOPATHY 
AND THERMAL HYPERALGESIA 

Lindblom and Rexed first alluded to the dorsal root ganglion as 
a source of lumbar pain in 1 948 in a cadaveric study. They re¬ 
ported that the DRGs were compressed and deformed by dor¬ 
solateral protrusions of lumbar discs or enlarged facet joints, 
and underwent microscopically gross alterations of the internal 
structure. These authors concluded that mechanical compres¬ 
sion of the DRG was a causative factor in radicular pain. Some 


clinical investigations have reported that decompression of the 
DRG was necessary in some patients with sciatica or leg pares¬ 
thesia. Thus, the DRG likely plays an important role in the un¬ 
derlying pathomechanisms of spinal pain. DRG mechanical ir¬ 
ritation caused endoncurial edema with the production of 
pain-producing neuropeptides (substance P, calcitonin gene- 
related peptide, and vasoactive intestinal peptide [VIP]), which 
produced thermal hyperalgesia (4). 

DRG Circulation and Protein Synthesis 

The dorsal root ganglion has a very rich microvascular net¬ 
work. The dorsal root ganglia, where the sensory nerve cell 
bodies are located, comprise the site of synthesis of several es¬ 
sential substances (e.g., proteins, which are transported down 
the axons through the axonal transport and arc needed to main¬ 
tain the structural and functional integrity of the entire sensory 
neuron) (5). 

Arterial occlusion occurs at a pressure close to the mean ar¬ 
terial blood pressure. For instance, 10 mm Hg was sufficient to 
induce a 20 to 30% reduction of methyl-glucose transport to 
the nerve roots as compared with controls (5). 

Trophic Function of Nerves 

In recent years, scientists have ceased to be self-conscious and 
apologetic about the use of the word trophic in connection with 
nerves. Neural phenomena have always been explained in 
terms of impulses, electrical potentials, and frequencies; and it 
was unsettling to the scientific world to discuss factors other 
than impulses and reflexes as influences on target tissues sup¬ 
plied by nerve fibers. 

In Korr’s (6) inquiry about the simple muscle atrophy fol¬ 
lowing a severed nerve supply, he states that as long as proto¬ 
plasmic continuity is maintained in the axon from perikaryon 
to motor end plate, even if it is nonconducting, the neuronal 
trophic influence continues to be exerted. The longer the 
nerves are attached to the muscle, the longer the time before 
postdenervation changes appear. This would indicate that the 
amount of nerve substance still available to the muscle is what 
is important, and that when it has been exhausted, trophic sup¬ 
port ends. Thus, the crucial factor is not that the nerve has been 
severed, stopping its impulses, but rather, the length of time 
the trophic support is available to the muscle. 

Among the components axonally transported to muscle by 
nerves arc proteins, phospholipids, enzymes, glycoproteins, 
neurotransmitters and their precursors, mitochondria, and 
other organelles. Although rates of approximately 1 mm/day 
have been found to be common to many mammalian nerves, it 
is now known that there are several rates of transport, up to 
several hundred millimeters per day, and different cargoes are 
being carried at different rates. 

Axoplasmic Transport 

The demonstration of multiple delivery waves raised a new set 
of questions. Are different proteins axonally transported and 
delivered in each of the periods? Can specific proteins be traced 
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Figure 3.2. Connecting patterns of dorsal root ganglion and ventral roots. A and B. Non-bifiircated 
type. C and D. Bifurcated type A. Hand F. Bifurcated type B. G and H. Bifurcated type C. (Reprinted with 
permission from Kikuchi S, Katsuhiko K, Konno S, et al. Anatomic and radiographic study of the dorsal 
root ganglion. Spine 1994; 19(1 ):6—1 1. Copyright 1994, Lippincott-Ravcn.) 


from the medulla, through thenerve, to the tongue muscle? Do 
all of the protein fractions carried in the axon reach the muscle 
or is there some selection process? Are the proteins delivered 
to the muscle different from those synthesized by the muscle it¬ 
self (6)? Research shows: 

1. Rabbits that had been prepared as in previous investiga¬ 
tions were sacrificed for tissue specimens at peak times in 
each “wave” (delivery of proteins via the axon), namely 
days 1, 1 2, 22, and 34, to maximize the yields of radioac¬ 
tive protein. 

2. The proteins extracted from the tissues were first divided by 
centrifugation into soluble and insoluble portions (the in¬ 
soluble being those associated with particular cellular ele¬ 
ments), each of which was assayed for radioactivity. 

Observations were as follows: 

1. Of the 1 2 conspicuous “spikes” of soluble radioactive pro¬ 
teins evident in the medulla (hypoglossal nerve cells) on day 


1, only two to three were evident in the nerve, the rest not 
appearing until day 12. 

2. The proteins reaching the muscle in the first wave, on day 
1, were almost exclusively insoluble. Those studying axonal 
transport had also generally agreed that insoluble or struc¬ 
tural proteins are carried in the rapid transport system. 

3. With certain exceptions, electrophoretic fractions were 
traceable from hypoglossal neurons through nerve to muscle. 

4. Each wave carried a different mixture of proteins, as ob¬ 
served in nerve and muscle, although there were fractions 
common to consecutive waves because of the overlap pre¬ 
viously mentioned. 

5. Proteins synthesized by the muscle were different from 
those delivered by the nerve. 

From these observations and from earlier studies, the fol¬ 
lowing conclusions are made: 

1. Some proteins synthesized in the hypoglossal nerve cells are 
held for up to 12 days before being dispatched into axons. 
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IS I intraspinal 
IF I intraforaminal 
EF extraforaminal 

Figure 3.3. Classification bv positions of dorsal root ganglion. 
(Reprinted with permission From Kikuchi S, Katsuhiko K, Konno S, et 
al. Anatomic and radiographic study of the dorsal root ganglion. Spine 
1994;19(1):6 1 1. Copyright 1994, Eippincott-Ravcn.) 


2. Each of the four waves carries a different complement of 
protein synthesized in the perikaryon, with some admixture 
due to overlap of the waves. 

3. Although continuity of transport exists from one part of the 
nerve to the next, there is discontinuity of transfer from 
nerve to muscle. 

4. Transf er of proteins from nerve to muscle is a different, ap¬ 
parently slower, process than transport along the nerve. 

5. The neuron supplies proteins that are not manufactured by 
the muscle. 

With increased support and elaboration, a hypothesis is pre¬ 
sented: trophic influences of nerves on target organs depend, 
at least in substantial part, on the delivery of specific neuronal 
proteins by axonal transport and junctional transfer. 

Hence, in considering the neurologic impact on human 
health of postural and biomechanical defects in the body frame¬ 
work that are amenable to manipulative therapy, we can no 
longer limit ourselves to disturbances in impulse traffic. Con¬ 
spicuous and distressing as are the resultant pain and the mo¬ 
tor, sensory, and autonomic dysfunctions, the more subtle and 
insidious trophic consequences of disturbances in axoplasmic 
composition and transport are no less important (6). 

Rydevik et al. (7) discusses the biomechanical aspects of 
nerve root deformation induced by compression. The func¬ 
tional changes induced by compression can be caused by me¬ 
chanical nerve fiber deformation, but they can also be a conse¬ 
quence of nerve root microcirculation, leading to ischemia and 
intraneural edema. Intraneural edema and demyelinization 
seem to be critical factors for the production of pain in associ¬ 
ation with nerve root compression. 

Inside the dural root sheath, the dorsal and ventral nerve 



Figure 3.4. Types of dorsal root ganglion. A. Intraspinal type (IS type). B. Intraforaminal type (IF tvpc). 
C. Extraforaminal tvpc (EF type). (Reprinted with permission from Kikuchi S, Katsuhiko K, Konno S, et 
al. Anatomic and radiographic study of the dorsal root ganglion. Spine 1 994; 1 9( 1 ):6 11. Copyright 1994, 
Lippincott-Raven.) 
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Figure 3.5. Radiographs ofL5 nerve roots showing three types of dorsal root ganglion. A. Intraspinal 
type. B. Intraforaminal type. C. Extraforaminal type. (Reprinted with permission from Kikuchi S, Kat- 
suhiko K, Konno S, et al. Anatomic and radiographic study of the dorsal root ganglion. Spine 



Figure 3.6. Ganglionic indentation of the L5 nerve root (straight ar¬ 
row) by the superior facet of sacrum (curved arrow). (Reprinted with per¬ 
mission from Kikuchi S, Katsuhiko K, Konno S, et al. Anatomic and ra¬ 
diographic study of the dorsal root ganglion. Spine 1994; 1 9( 1):6— 11. 
Copyright 1994, Lippincott-Raven.) 
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Figure 3.7. Foraminal space on the axillar views of magnetic reso¬ 
nance imaging. Line A: inner edge of the lower facet or pedicle. Line B: 
lateral edge of the vertebral body or superior facet. (Reprinted with per¬ 
mission from Haminishi C, Tanaka S. Dorsal root ganglia in the lum¬ 
bosacral region observed from the axial views of MRI. Spine 1993; 
1 8( 1 3): 1 753—1756. Copyright 1993, Lippincott-Raven.) 
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Figure 3.8. The axial view of the cadaveric L5 nerve root and dorsal 
root ganglion (DRG), which was cut obliquely by 45° with slice thickness 
of 5 mm. The diameter of the proximal portion of the root, the widest 
portion of DRG, and distal root arc 3.2, 5.4, and 2.7 mm, respectively. 
(Reprinted with permission from Haminishi C, Tanaka S. Dorsal root 
ganglia in the lumbosacral region observed from the axial views of MRI. 
Spine 1993; 18(1 3): 1753—1 756. Copyright 1993, Lippincott-Raven.) 

roots approach the intervertebral foramen. The dorsal root 
continues into the dorsal root ganglion, which usually is located 
within the central portion of the intervertebral foramen. More 
distally, the roots join to form the spinal nerve, which contin¬ 
ues into the peripheral nerve (Fig. 3.10). 

Nerve Root Compared with 
Peripheral Nerve 

The nerve roots lack a perineurium, whereas peripheral nerves 
have a well-developed epineurium wherever they are subjected 
to mechanical forces such as compression and tension. Nerve 
roots, having no such well-developed epineural connective tis¬ 
sue, are more susceptible to mechanical deformation than are 
peripheral nerves. To some extent, nerve roots are protected 
by the cerebrospinal fluid, which acts with the dura and arach¬ 
noid membrane to mechanically protect them (8). 

Nerve Root Blood Supply 

An adequate supply of oxygen to nerve fibers via intraneural 
microcirculation is necessary for nerve function. The dorsal 
root ganglion receives its blood supply from spinal branches 
from each segmental artery (9). Figure 3.11 shows the nerve 
roots within the cauda equina, the motor and sensory compo¬ 
nents of the spinal nerve, and the DRG lying within the inter¬ 
vertebral foramen. Interference with the blood supply of the 


nerve root or the DRG can lead to disturbed nerve root func¬ 
tion. Nerve root compression may interfere with the blood 
supply to the nerve root (10, 11). (We will discuss the vulner¬ 
ability of the dorsal root ganglion to compressive reaction later 
in this chapter.) 

Rydevik et al. (12) studied the intraneural microcirculation 
under graded compression of a rabbit tibial nerve. It was found 
that the first sign of intraneural blood flow impairment was 
epineural vessel stasis, appearing at pressures as low as 20 to 30 
mm Hg. Such compression at higher pressures or for prolonged 
periods of time can damage the endoneural blood vessels, re¬ 
sulting in an increased permeability or a breakdown of the 



Figure 3.9. Asymmetric dorsal root ganglion (DRG). A 42-ycar-old 
man with intermittent claudication due to the radicular pain on the right 
leg. Top: the right L5 DRG {arrow) locates intraspinally. Middle: the 
next slice shows that the right DRG is far larger than the intraforaminally 
located left DRG, and it extends into the foraminal space (arrow). Bot¬ 
tom: the intraspinal portion of the right DRG was swollen markedly (ar¬ 
row), and it was pushed down and kinked by the pedicle, which had been 
excised. (Reprinted with permission from Haminishi C, Tanaka S. Dor¬ 
sal root ganglia in the lumbosacral region observed from the axial views 
of MRI. Spine 1993; 1 8(1 3): 175 3—1756. Copyright 1993, Lippincott- 
Raven.) 
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Figure 3.10. Schematic drawing of the arrangement of nerve roots, spinal nerve, and peripheral nerve, 
including the target organs of the neurons. The axons are long cellular extensions from the nerve cell bod¬ 
ies, located in the anterior horn of the spinal cord or in the dorsal root ganglia. (Reprinted with permis¬ 
sion from Rvdevik B, Brown MD, Lundborg G. Pathoanatomv and pathophysiology of nerve root com¬ 
pression. Spine 1984;9( 1 ):8.) 


blood-nerve barrier and, consequently, formation of an en- 
doneurial edema (13). This has been compared to a “closed 
compartment syndrome” in which the microcirculation of the 
nerve fascicles is jeopardized and a posttraumatic ischemia of 
the injured nerve established. A corresponding mechanism may 
operate in the case of nerve root compression at the level of the 
intervertebral foramen, or in that of a tight sheath surrounding 
the nerve roots and spinal nerve where these nerve compo¬ 
nents are enclosed in a rigid bony canal (Fig. 3.11). The dorsal 
root ganglion contains more permeable microcirculation than 
peripheral nerves, and may be easily subjected to endoneurial 
edema by compression. The ganglion has a tight capsule, and 
therefore any such edema could increase the pressure on it eas- 

ily(is). 

Basic Anatomy and Pathophysiology of 
Lumbar Nerve Injury 

The motor (i.e., ventral) nerve root and sensory (i.e., dorsal) 
nerve root pass dorsal and lateral to the intervertebral disc. 

The dorsal nerve roots have a larger diameter than the ven¬ 
tral nerve root and therefore a greater susceptibility of the sen¬ 
sory axons to compressive forces. The SI nerve roots are ap¬ 
proximately 170 mm long, whereas the LI nerve roots are 60 
mm long. The nerve roots as well as the spinal nerves are com¬ 
posed of axons that have arisen within the substance of the 
spinal cord and course to their final destination in the periph¬ 
ery. These axons may exceed 1 00 cm in length (16). 

Spinal nerve roots lack the connective tissue protection that 
sheaths peripheral nerves. This sheathing has considerable me¬ 


chanical strength and possesses properties to form a barrier to 
diffusion of certain molecules. The spinal nerve roots, there¬ 
fore, are at a disadvantage mechanically and, possibly, bio¬ 
chemically. The nerve roots, however, are surrounded by 
cerebrospinal fluid, which, acting with the dura, gives the 
spinal nerve roots an element of mechanical protection. The 
dura of a spinal nerve root appears to be continuous with the 
epineurium of the peripheral nerve. It must be kept in mind 
that the nerve root complex must be extraordinarily mobile. 

Nerve roots must change length depending on the degrees 
of flexion, extension, lateral bending, and rotation of the lum¬ 
ber spine. Lumbar nerve roots limited in motion by either in- 
traspinal or extraspinal fibrosis will create traction on the nerve 
root complex, causing ischemia and secondary neural dysfunc¬ 
tion. This fact must also be kept in mind during the rehabilita¬ 
tion process. Flexibility exercises must be designed to maintain 
nerve root mobility. 

Intraneural blood flow is markedly affected when the nerve 
is stretched about 8% beyond its original length. Complete ces¬ 
sation of all intraneural blood flow is seen at 1 5% elongation. 

The dorsal root ganglion, because of its fibrous capsule and 
its rich vascular supply, may be more susceptible to changes in 
intraneural blood flow and to the development of secondary in¬ 
traneural edema with consequent fibrotic change. This may ex¬ 
plain sensory loss on gross neurologic examination (16). 

Sunderland (11) has also stated that spinal nerves will toler¬ 
ate remarkable degrees of deformation provided the deforma¬ 
tion occurs slowly and does not alter the blood supply. Normal 
spinal nerves appear to have a high tolerance to mechanical de¬ 
formation. Damaged nerve fibers are more susceptible to 
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Figure 3.11. A. Cross-section, demonstrating the cauda equina in the 
spinal canal. The intervertebral disc is seen at bottom. B. Dorsal view of 
the nerve roots inside the dural sheath, following removal of the lamina 
and opening of the dura. The nerve root complex, composed of motor 
root (/nr), sensorv root (sr), and dorsal root ganglion ( DRG ), is located 
beneath the pedicle (/W), which has been divided. C. Cross-section 
through the root sheath (arrow) just central to the ganglion. The two roots 
are located within the tight sheath, which in turn is running in a rigid bonv 
canal. (Reprinted with permission from Rvdevik B, Brown MD, Lund- 
borg G. Pathoanatomv and pathophvsiologv of nerve root compression. 
Spine 1984;9( 1 ):8.) 

deformation and ischemia. Therefore, a patient with long¬ 
standing radiculopathy will tolerate less instability and me¬ 
chanical stress than will the patient with a healthier nerve root. 

Normal nerve root compression usually induces a sensation 
of numbness but not one of pain. However, mechanical defor¬ 
mation of a previously compressed nerve does cause pain. The 
dorsal root ganglion appears to be the most sensitive to me¬ 
chanical deformation (11). 

DRG Mediates Pain 

The dorsal root ganglion seems to play a crucial role as a medi¬ 
ator of pain in the lumbar spine. Experimental whole body 


vibration, a risk factor for low back pain, has been shown to 
induce significant changes in the synthesis of various neuropep¬ 
tides, such as substance P (SP) and vasoactive intestinal peptide 
in the ganglion. The DRG also seems to be mechanosensitive, 
and compression may induce both a pressure increase in the 
ganglion and radiating nerve root pain (5). 

DRG As an Origin of 
Pain-Producing Impulses 

Nerve impulses were recorded in dorsal roots or in the sciatic 
nerve of anesthetized rats. It was shown by sectioning, stimu¬ 
lation, and collision that some ongoing nerve impulses were 
originating from the dorsal root ganglia and not from the cen¬ 
tral peripheral ends of the axons. In a sample of 2731 intact or 
acutely sectioned myelinated sensory fibers, 4.75% + 3.7% 
contained impulses generated within the dorsal root ganglia. 
Slight mechanical pressure on the DRG increased the fre¬ 
quency of impulses (17). Unmyelinated fibers were also found 
to contain impulses originating in the dorsal root ganglion. 

Fine filament dissection of dorsal roots and of peripheral 
nerves, as well as collision experiments, showed that impulses 
originating in the DRG were propagated both orthodromically 
into the root and antidromically into the peripheral nerve. It 
was also shown that the same axon could contain two different 
alternating sites of origin of nerve impulses: one in the sensory 
ending and one in the ganglion. These observations suggest that 
the DRG, with its ongoing activity and mechanical sensitivity, 
could be a source of pain-producing impulses. Furthermore, it 
could particularly contribute to pain in those conditions of pe¬ 
ripheral nerve damage where pain persists after peripheral 
anesthesia or where vertebral manipulation is painful. 

DRG: An Active Pain Generator 

Sensory nerve fascicles central to amputation neuromas in two 
patients were found to produce considerable ongoing activity 
that was not silenced by local anesthesia of the neuroma. Reasons 
are found to suspect that the dorsal root ganglia might have con¬ 
tributed to this ectopic barrage, and Wall and Devor (17) state 
that De Santis and Duckworth identified dorsal root ganglia as a 
source of discharge in rat muscle nerves damaged by freeze le¬ 
sions. Further, they state that Kirk had previously shown in cat 
and rabbit that transection of the spinal nerve immediately pe¬ 
ripheral to the DRG produces bring in dorsal root hlaments. In 
contrast to axons (excluding sensory endings), which are highly 
resistant to impulse generation following mechanical impact and 
even after having been cut across normally produce only a brief 
injury discharge, DRG cells produce a prolonged discharge with 
relatively gentle mechanical compression (17). 

It is generally presumed that afferent signals received by the 
spinal cord in normal animals arise exclusively in sensory nerve 
endings. The results described here show that, at least under ex¬ 
perimental conditions, the dorsal root ganglion constitutes a sec¬ 
ond source of afferent impulses. Specibcally, DRG contribute a 
tonic, low-level (about four impulses per second in 5% of sciatic 
nerve afferent bbers), spontaneous background discharge. 
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From these results it is probable that afferent impulses orig¬ 
inate from dorsal root ganglion cells. In fact, the possibility that 
DRG cells might be a significant source of afferent barrage un¬ 
der certain circumstances has already been shown by Howe et 
al. (18) with their demonstration of the relatively low me¬ 
chanical threshold of normal dorsal root ganglia. They did not, 
however, discuss the possibility of spontaneous discharge. The 
finding that chronic peripheral nerve section exaggerates the 
tendency of axotomized DRG cells to fire spontaneously also 
confirms the conclusions of Kirk, De Santis, and Duckworth as 
cited by Wall and Devor (17), based on results from quite dif¬ 
ferent preparations. 

The high degree of excitability of normal dorsal root gan¬ 
glion cells and its enhancement by chronic nerve injury may 
have important clinical significance. The Laseguc sign—pain in 
the leg on straight leg raising—could be the consequence of 
shif ting tension on the dorsal root ganglia, which are mechani¬ 
cally stressed by the maneuver. It is conceivable that the affer¬ 
ent barrage is being af fected by manipulation of the dorsal root 
ganglia. The increase in ganglion discharge in cases of chronic 
nerve injury could partly account for prolonged intractable 
pain and paresthesia that may follow nerve damage, including 
phantom limb sensation and pain. 

The mechanism and exact site of ectopic spontaneous im¬ 
pulse generation in dorsal root ganglia is not known for certain. 
Circumstantial evidence, however, places it in the axon hillock 
region. 

The radicular pain of sciatica has been ascribed to be com¬ 
pression of the spinal root by a herniated intervertebral disc 
(18). It was assumed that root compression produced pro¬ 
longed firing in the injured sensory fibers and led to pain per¬ 
ceived in the peripheral distribution of those fibers. This con¬ 
cept has been challenged on the basis that acute peripheral 
nerve compression neuropathies are usually painless. Further¬ 
more, animal experiments have rarely shown more than sev¬ 
eral seconds of repetitive firing in acutely compressed nerves 
or nerve roots. It has been suggested that “radicular pain” is ac¬ 
tually pain ref erred to the extremity through activation of deep 
spinal and paraspinal nociceptors (18). 

Chronically Irritated Nerve Roots Are Most Sensitive 

Experiments on cat lumbar dorsal roots and rabbit sural nerves 
confirm that acute compression of the root or nerve does not 
produce more than several seconds of repetitive firing. How¬ 
ever, long periods of repetitive firing (5 to 25 minutes) follow 
minimal acute compression of the normal dorsal root ganglion. 
Chronic injury of dorsal roots or sural nerve produces a marked 
increase in mechanical sensitivity; several minutes of repetitive 
firing may follow acute compression of such chronically injured 
sites. Such prolonged responses could be evoked repeatedly in 
a population of both rapidly and slowly conducting fibers. Be¬ 
cause mechanical compression of either the DRG or of chron¬ 
ically injured roots can induce prolonged repetitive firing in 
sensory axons, it is concluded that radicular pain is caused by 
activity in the fibers appropriate to the area of perceived pain. 
Although repeated or maintained compression of the roots did 


not produce prolonged activity, a minor chronic injury altered 
the response to a subsequent acute compression (18). 

Repetitive Discharge 

Data show that minor compression of the dorsal root ganglion 
invariably produces repetitive firing lasting several minutes. 
Occasionally a discharge lasting as long as 2 5 minutes can be 
detected in small multifiber filaments dissected from dorsal 
rootlets. Similar forces can produce several seconds or, rarely, 
a few minutes of repetitive firing when chronically damaged 
dorsal roots are compressed at the site of prior trauma, but not 
at sites along the root or nerve other than the chronically in¬ 
jured region. The forces suf ficient to excite these responses are 
similar in both situations. They are of small magnitude and can 
be slowly applied. This abnormal response can be triggered 
repetitively without changing stimulus parameters. Such forces 
are insufficient to excite normal dorsal roots unless applied 
rapidly. In the normal dorsal root, it is more difficult to re¬ 
peatedly elicit the same response from the same region. Fur¬ 
thermore, an adequate initial force, when repeated, usually re¬ 
sults in irreversible damage to the axons. 

Injured nerves (end-bulb neuromas and incontinuity regen¬ 
erating nerves) have a markedly increased sensitivity to me¬ 
chanical stimulation. Minor movements can result in 1 5 to 30 
seconds of repetitive firing. Evidence for slightly longer peri¬ 
ods (2 to 3 minutes) of activation in response to acute com¬ 
pression of chronically injured roots has been seen. The usual 
response to compression of the chronically injured region is 1 5 
to 30 seconds of repetitive firing. This mechanical sensitivity 
may represent the physiologic equivalent of Tinel’s sign (18). 

It seems likely that compression of the dorsal root ganglion 
is important in the generation of the radicular pain of an acute 
herniated intervertebral disc. Typically, the patient with this 
syndrome describes the sudden onset of pain in the back and leg 
that radiates into the foot. The dermatome in which the pain is 
perceived usually predicts the compressed spinal root. Neuro¬ 
logic deficit, if present, usually occurs in the same dermatome. 
The pain persists much longer than the momentary response 
seen in the acute compression of a normal nerve root, and it is 
more consistent with the slowly adapting response seen fol¬ 
lowing DRG compression. This radicular pain can often be re¬ 
lieved by immobilization or complete bed rest; minor move¬ 
ments or coughing reactivate the pain. 

Anatomic studies have shown that the lumbar dorsal root 
ganglion can be trapped easily between a herniated disc and the 
facet. Small and repeated movements of the joint could inter¬ 
mittently traumatize the DRG. The DRG in the lumbar region 
lies directly over the lateral portion of the disc. In an autopsy 
study, in all cases of herniated lumbar discs, the dorsal root 
ganglion was compressed and distorted, and it manifested var¬ 
ious degrees of degeneration (18). 

Reproduction of radicular pain was described in patients 
who had undergone laminectomies for the removal of a herni¬ 
ated disc. In these patients at the time of surgery, a nylon su¬ 
ture was looped around the root and the ends were brought out 
through the skin. Postoperatively, the preoperative radicular 
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pain was precisely reproduced by gentle traction on the suture. 
It was noted that the injured or involved root was much more 
sensitive to this manipulation than an adjacent normal or unin¬ 
volved root. Other similar findings were reported (18). 

The ease of activation and prolonged response of Aa and C 
fibers in response to dorsal root ganglion compression implies 
that the radicular pain associated with a herniated interverte¬ 
bral disc, and perhaps with other intraspinal masses, is due ini¬ 
tially to compression of the dorsal root ganglion. Subsequent 
development of mechanical sensitivity in the chronically in¬ 
jured nerve roots may also contribute to the production of con¬ 
tinuing radicular pain. Studies demonstrate that radicular pain 
can he due to activity in the fibers appropriate to the region of 
pain and need not he a ref erred phenomenon (18). 

DRG Produces Repetitive Firing of Impulses 

The middle of an axon is not usually a site of impulse genera¬ 
tion; it is a region of impulse replication, where impulses orig¬ 
inating elsewhere are faithfully reproduced in one-for-one 
fashion. Nonetheless, it is not so specialized that it cannot gen¬ 
erate impulses on compression. For example, because of rudi¬ 
mentary mechanosensitivity of axons, compression of the ul¬ 
nar nerve at the elbow produces paresthesia. This ectopic 
generation of nerve impulses appears to operate in the manner 
of most mechanoreceptors: a generator potential is devel¬ 
oped, and the repetitive firing patterns that result are those ex¬ 
pected from the pacemaker-like rhythmic Bring mode in 
which depolarization is converted into Bring rate. Although 
repetitive Bring in normal peripheral nerves and dorsal roots 
is usually transient even with sustained compression, DRG 
cells and chronically injured axons are capable of producing 
sustained repetitive firing on sustained compression, as has 
been described elsewhere (19). 

The dorsal root is extremely sensitive to pressure. In pe¬ 
ripheral nerves, the Aa Bhers that mediate impulses from the 
muscle spindle and the Golgi apparatus, as well as efferent mo¬ 
tor impulses, are the most pressure-sensitive structures. Ac¬ 
cording to this hypothesis, slight pressure on these Bhers in the 
dorsal roots and ganglia results initially in reduced inflow of af ¬ 
ferent impulses from muscle and tendon receptors. This is in 
agreement with the anatomic arrangement in the intervertebral 
foramina. As a result, the central nervous system responds with 
an increase in outflow of efferent impulses. This in turn gives 
rise to sustained increase in muscle tone, leading to myalgia and 
tendinitis (20). 

Sciatica, Claudication, and Groin Pain Due 
to DRG Irritation 

A series of patients with leg pain, whose dorsal root ganglia 
were located more proximal than usual and lay within the nerve 
root canal, was reported (21). These proximal ganglia became 
entrapped in a space that, although slightly narrowed, would 
have accommodated a normal nerve root without causing pain. 

Of the 1 1 patients, two were men and nine were women 
whose ages ranged from 28 to 60; more than 50% were in their 
40s or 50s. Most of these patients presented with an excep¬ 


tionally long history of symptoms prior to diagnosis (average 7 
years). 

Pain was aggravated by the standing position in seven pa¬ 
tients. Seven complained of intermittent claudication. The pain 
radiated down the leg in a sciatic distribution in all patients and 
extended to the ankle or foot in eight. Radiation to the groin was 
reported in three patients, two with compression of the L5 gan¬ 
glion and one with compression of both the L5 and SI ganglia. 

Physical examination was entirely normal in three patients. 
Straight leg raising was limited to 70° in the affected lower limb 
in four patients, signiBcantly reduced to 60° in one, and re¬ 
duced to 30° in another. Muscle weakness or wasting was 
found in four patients, and sensory abnormalities were present 
in three. The ankle reflex was depressed in three patients and 
absent in one. 

All 11 patients underwent surgical decompression. Subar- 
ticular entrapment of the L5 dorsal root ganglion was found in 
six patients, both L5 and SI DRG entrapment in three, and SI 
DRG entrapment alone in two (21). 

Substance "P" Produced In DRG 

The neuropeptide, “substance P,” is known to he synthesized in 
cell bodies of the dorsal root ganglia. This neuropeptide is also 
known to modulate sensory, nociceptive transmission postsy- 
naptically in the dorsal root ganglia, nerve roots, and substan¬ 
tia gelatinosa of the spinal dorsal horn that the cell bodies 
innervate. These results were determined by using both im- 
munohistochemistry and radioimmunoassay. This study sug¬ 
gests that SP may modulate nociception when lumbar nerve 
roots are stimulated mechanically (22). 

The dorsal root ganglion normally lies within the lateral 
portion of the intervertebral foramen, and it is not directly 
compressed by a bulging disc prolapse or a bony spur that may 
compromise the nerve root (23). This ganglion contains cell 
bodies of first-order sensory neurons. The chemical response 
to mechanical deformation of the DRG may be signiBcant for 
some of the unknown causes of low back pain. 

Stimulation and release of the neuropeptide substance P, or 
similar agents, by pathophysiologic mechanisms has been pos¬ 
tulated to explain the pain of spinal nerve root pathology. Prox¬ 
imal flow of SP from the dorsal root ganglion to the spinal cord 
certainly occurs (23). Substance P is one of the neurotransmit¬ 
ters produced in the cell bodies of the DRG. This neuropeptide 
probably acts as a neuromodulator of pain signals at synapses in 
the region of the substantia gelatinosa where pain perception is 
Brst integrated in the spinal cord. The appearance of SP in this 
area may be the B rst chemical signal of exteroceptive pain in the 
spinal cord. 

The abundance of substance P immunoreactive nerve ter¬ 
minals in the substantia gelatinosa of the dorsal horn of the 
spinal cord suggests that SP is contained in primary afferent 
Bhers that penetrate this region—as well as the dorsolateral 
funiculus radially—and terminate in the dorsal horn. 

The increased amounts of substance P produced after 
mechanical stimulation provide a possible neurophysiologic ex¬ 
planation f or the nociceptive effects produced by mechanical 
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compromise of the spinal nerve roots. Dorsal root ganglion ir¬ 
ritation associated with various syndromes of mechanical com¬ 
promise seem able to produce increased amounts of substance 
P, which is known to have central effects modulating nocicep¬ 
tive afferent transmission. A delay between mechanical stimu¬ 
lation and the appearance of SP centrally, where it may modu¬ 
late neurotransmission, may also be important. It is interesting 
to speculate whether this may be an explanation for the well- 
known clinical observation that after a disc prolapse a period of 
several days may pass before sciatic pain is experienced, al¬ 
though back pain may be immediately apparent following the 
disc protrusion (22). 

Sympathetic Trunk Compressed by 
Osteophytosis of Thoracic Spine 

Osteophytes were found to compress the sympathetic struc¬ 
tures in the thorax in 655 (65.5%) of 1 000 cadavers. In 60.4% 
of the affected cases, the compression was on the right side, and 
in 36.9% it was bilateral, although the right side was more se¬ 
verely affected. In 2%, the compression was on the left side 
only. The highest frequency of compression was at theT8—T10 
level. The sympathetic trunk itself (ganglia and cord) was af¬ 
fected only by vertebral osteophytes at the lowest thoracic lev¬ 
els; however, bony excrescences due to costovertebral joint 
arthritis were frequently found impinging on the sympathetic 
trunk and its rami communicantes, with similar frequencies on 
both sides (24). 

We assume that symptoms result either from irritation 
(stimulation) of the sympathetic structures or from inhibition 
(paralysis), according to the degree of compression. In our 
opinion, many pathologic conditions might be explained by 
compression of osteophytes on sympathetic structures (24). 

Effects of Nerve Fiber Compression 

Some degree of nerve fiber deformation is probably created by 
30to 50mm Hg(25, 26). Accordingto Hahnenberger (25) and 
Ochoa (26), these changes are probably reversible if the com¬ 
pression is released after a single trauma. Sustained compres¬ 
sion at these pressure levels or repeated compression is likely 
to create disturbances in nerve structure and function (26). 
Higher pressures may lead to different kinds of nerve lesions, 
either segmental demyelination or, in cases of severe trauma, 
loss of axonal continuity, leading to Wallerian degeneration. A 
nerve root lesion associated with a herniated nucleus pulposus 
probably creates demyelination and Wallerian degeneration. 

Rydevik et al. (12) placed a small inflatable cuff around pe¬ 
ripheral nerves in animals and demonstrated that compression 
at 30 mm Hg and higher could block axonal transport. Chronic 
nerve entrapments with long-standing blockage of axonal 
transport can lead to Wallerian degeneration of the axons distal 
to the lesions. These axons, however, can regenerate, a process 
that in humans may take place at a speed of about 1 mm/day in 
optimal conditions. 


Critical Pressure Levels 

A pressure of 30 to 50 mm Hg applied to a peripheral nerve re¬ 
sults in changes in intraneural blood flow, vascular permeabil¬ 
ity, and axonal transport. No measurements have been per¬ 
formed in vivo on the pressure levels acting on a nerve root due 
to a herniated disc, for example. Some data can be extrapo¬ 
lated, however, from existing knowledge on the pressures gen¬ 
erated by swelling of the nucleus pulposus. It has been demon¬ 
strated in vitro that specimens of nucleus pulposus can generate 
pressures of several hundred millimeters of mercury if exposed 
to free fluid within the confined space (27—29). If a sequestered 
fragment of nucleus pulposus is displaced into the foramen, one 
can speculate that the nearby nerve root could be compressed 
at high pressure levels by the swelling disc fragment. The va¬ 
lidity of this hypothesis remains to be proved experimentally, 
however (7). The “edge ef fect” (Fig. 3.12) in neural damage by 
compression refers to the injuries seen in nerve fibers and in¬ 
traneural blood vesselsat the edges of the compressed segment, 
with sparing in the center (14, 30). Compression of a nerve at 
high pressure can induce intraneural damage, leading to func¬ 
tional deterioration at the compressed segment, but with pre¬ 
served axonal continuity and nerve function proximal and dis¬ 
tal to the compressed segment. 

Compression of normal peripheral nerve or nerve root may 
induce numbness, but it usually does not cause pain. Experi¬ 
mental investigations on human peripheral nerves in vivo have 
indicated that the numbness induced is a result of ischemia, not 
mechanical nerve fiber deformation, of the compressed seg¬ 
ment. If a nerve root—or a peripheral nerve—is the site of 
chronic irritation, however, even minor mechanical deforma¬ 
tion can induce radiating pain. This has been demonstrated by 
placing sutures or inflatable catheters around nerve roots at the 
time of surgery for herniated discs and postoperatively induc¬ 
ing stretching or compression of the nerve root. Lindblom and 
Rexed (31) investigated a large number of postmortem speci¬ 
mens of the lumbar spine with special ref erence to the relations 
between disc herniations and nerve root compression. They 
found that the dorsal root ganglion often was def ormed by the 
pressure from the intervertebral disc. The DRG thus is fre¬ 
quently compressed by herniated intervertebral discs, and ex¬ 
perimental data indicate that compression of this nerve struc¬ 
ture can induce radiating pain. 

Obviously, mechanical factors are involved in nerve root in¬ 
jury in connection with intervertebral disc herniations. It also 
has been speculated that breakdown products from the degen¬ 
erating nucleus pulposus may leak out to the root and induce a 
“chemical radiculitis. Nachemson (32) has measured pH in in¬ 
tervertebral discs intraoperatively and found high hydrogen ion 
concentration in some patients who had extensive adhesion for¬ 
mation around the nerve root. Such changes in the tissue elec¬ 
trolyte balance can lead to pain in various ways. Autoimmune 
mechanisms also have been proposed to be involved in the in¬ 
flammatory tissue reactions seen around degenerating discs. 

The nerve fibers react to trauma with demyelination or ax¬ 
onal degeneration, leading to changes in nerve function. 



142 Low Back Pain 





J 1 

l 

: i : . : 

!_i_ _ 

A-. __ 

1 

• 

■f- —■ — i-^- *- 




■ cfcg 

L - 


Figure 3.12. Schematic drawing, demonstrating the displacement ot nerve tissue, which can he induced 
by circumferentially applied pressure. The pressure application leads to a bidirectional displacement ot 
nerve tissue from the compressed nerve segment toward the noncompressed parts ot the nerve. The inter¬ 
rupted lines show the positions ot different tissue layers during compression. The arrows arc vectors that in¬ 
dicate the displacement ot nerve tissue components as a result ot the applied pressure. Note that the dis¬ 
placement is maximal at the edges of the compressed segment. The diagram is based on computations 
performed bv Professor Richard Skalak, Columbia University, New York, NY. (Reprinted with permis¬ 
sion from Lundborg G, Rydevik B. Lakartidn [Sweden] 1982; 79:403 5. In Rydevik B, Brown MD, Lund- 
borg G. Pathoanatomy and pathophysiology ot nerve root compression. Spine 1984;9( 1):2 1. Copyright 
1984, Lippincott-Ravcn.) 
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Figure 3.13. Proposed sequence ot events leading to changes in nerve 
root function as a cause ot acute and chronic compression. The dysfunc¬ 
tion ot the nerve fibers can be cither loss ot function or increased sensi¬ 
tivity to further mechanical stimulus. (Reprinted with permission from 
Rydevik B, Brown MD, Lundborg G. Pathoanatomy and pathophysiol¬ 
ogy of nerve root compression. Spine 1 984;9(1 ):8.) 


Another important causative factor for the functional deterio¬ 
ration is the impairment of intraneural microcirculation and 
the formation of intraneural edema. In cases of chronic com¬ 
pression, intra and extraneural fibrosis can develop, which 
leads to further tissue irritation and establishes a chronic in¬ 
flammatory process (Fig. 3.13). 

The functional changes seen may be either loss of nerve 
function, seen as muscle weakness or sensory deficit, or a state 
of hypcrcxcitability of the nerve tissue. These two conditions 
can be present at the same time, which means that nerve fibers 
may have a decreased conduction velocity at the site of injury 


and be hypersensitive to f urther mechanical stimulus at the in¬ 
jured segment. The hyperexcitability can give rise to positive 
symptoms from the respective nerves (i.c., pain, paresthesia, 
and possibly muscle fasciculations). 


Conclusion 

The anatomic complex of nerve root, ganglion, and spinal 
nerve may be involved in pathologic processes in association 
with disc herniation and spinal stenosis. Compression of the 
nerve tissue may induce structural damage to the nerve fibers, 
impair intraneural blood flow, and form intraneural edema as 
well as axonal transport block (7). 

The following points regarding the effects of compression 
on spinal nerve roots is based on the work of Sharpless (8): 

1. Dorsal roots are far more susceptible to compression block 
than is the peripheral (sciatic) nerve. When pressure is ap¬ 
plied for 3 minutes followed by 3-minute recovery periods, 
100 mm Hg must be applied to the sciatic nerve to achieve 
the same conduction block that can be produced in spinal 
roots by 20 mm Hg. 

2. Pressure as slight as 10 mm Hg, maintained for 1 5 to 30 
minutes, reduces the compound action potentials of dorsal 
roots to about half of their initial values. With such small 
pressures, nearly complete recovery occurs in about 30 
minutes. 

3. It is probable that the compression block produced even by 
such small pressures is due to mechanical deformation 
rather than ischemia, because the larger fibers are blocked 
first, whereas anoxia is believed to affect small fibers first. 

4. It has been shown elsewhere (8) that a pressure vessel model 
of a nerve predicts that large fibers would be most com¬ 
pressed, which may account for their susceptibility to block¬ 
age. The pressure vessel model might also account for the 
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progressive character of compression block, assuming a vis¬ 
cous flow of the fiber contents. 

5. The slow onset of compression block would have adaptive 
value, because transient increments of pressure that occur 
in confined spaces during extremes of motion would have 
little effect. 

6. Spinal nerves acquire a structural feature that protects them 
from compression block before they enter the interverte¬ 
bral foramina. The sheath does not appear to play an im¬ 
portant role. The nature of this protective feature is still un¬ 
known. 

Comparison of Normal and Chronic Nerve 
Root Irritability 

Compression of a normal nerve root can be associated with 
numbness and motor weakness, but it does not usually cause 
pain. However, if the nerve tissue is chronically irritated, me¬ 
chanical deformation can induce radiating pain. Thus, intra- 
neural inflammation seems to be a factor of importance in the 
pathogenesis of pain production in nerve root compression syn¬ 
dromes. It is debated whether such intraneural inflammation is 
the result of an inflammatogenic effect of nucleus pulposus on 
nerve tissue (“chemical radiculitis”) or whether it is an effect of 
mechanical nerve root deformation by the herniated disc (33). 

Injection under pressure of normal saline into a degenerated 
lumbar disc elicits pain that the patient experiences as identical 
to lumbago. The moment the pressure on the syringe is re¬ 
leased, the pain disappears. It returns each time the pressure is 
increased. Identical experiments on a normal disc produce no 
pain. The amount of liquid that can be introduced into a nor¬ 
mal nucleus pulposus is very small (34). 

CHEMICAL RADICULITIS 

Chemical Irritation of the DRG Results In an 
Autoimmune Response 

Nuclear material leaking into the epidural space is considered 
“foreign” and an autoimmune response develops, which can 
lead to a chronic inflammatory response. Mononuclear cells in¬ 
filtrating along the margins of the extruded discs expressed in¬ 
flammatory mediators, and they might induce neovasculariza¬ 
tion and persistent inflammation (35). 

Marshall et al. (36) describe a new pathologic concept 
termed chemical radiculitis. This lesion occurs when the anulus 
fibrosus has been weakened by intervertebral disc degeneration 
and finally ruptures under the stress of some traumatic episode. 
At that time nuclear fluid is of a waterlike consistency. It is 
ejected into the peridiscal tissues and tracks down to the nerve 
root. Because of its glycoprotein component, nuclear fluid is 
highly irritating to nerve tissue, and sudden severe sciatic pain 
results. 

Liberation of nuclear fluid from the sealing anulus fibrosus 
capsule converts the role of its glycoprotein into one of an anti¬ 


gen, which results in antibodies detectable in high titer in the 
bloodstream after a 3-week interval. This is an autoimmune re¬ 
action. Chemical radiculitis can explain some or possibly all 
cases of acute or chronic inflammatory change around the nerve 
root. 

Walk (36) suggested that two neurologic syndromes were 
caused by the lumbar intervertebral disc: (a) compression of 
the nerve by the disc; and ( b ) irritation of the nerve by the per¬ 
ineural spread of the contents of the nucleus pulposus occur¬ 
ring through a disc rupture. 

If chemical radiculitis is to be accepted as a viable theory, 
several important factors need to be verified, such as: (a) Can 
nuclear fluid reach the nerve root? Lindblom and Rexed (31) 
dissected 1 60 cadavers and demonstrated a connecting pathway 
from the nucleus via the anular rupture to the root. ( b ) Is nu¬ 
clear fluid in a liquid form at some stage of the degenerative 
process? These findings have been noted by many individual ob¬ 
servers at operation and verified by Armstrong and Walk. 
Armstrong (37) has reported incising the anulus on occasions 
in which fluid has squirted out of the wound. 

If the immunologic research proves to be correct, a rupture 
of the anulus with consequent liberation of nuclear fluid into 
the tissues will be followed by a high serum titer to glycopro¬ 
tein. Thus, for the first time, a serum test will be available to 
detect a valid disc lesion 3 weeks after the initial pain. Armed 
with this knowledge, the correct immediate treatment could 
be administered. 

Chemical radiculitis is an inflammatory condition of the 
nerve root caused by the rupture of the anulus fibrosus and dis¬ 
semination of disc fluid along the nerve root sheath. The in¬ 
flammatory component of disc fluid is glycoprotein. The in¬ 
flammation is a reaction to repeated injuries of the spinal 
column (e.g., in occupational lifting of heavy loads). Rupture 
of the anulus fibrosus and liberation of disc fluid into the tissues 
also evoke circulating antibody response and autoimmune re¬ 
action. A high titer to glycoprotein at 3 weeks after an acute at¬ 
tack ofback pain is evidence of the presence of a significant disc 
lesion. In selected cases, immediate relief from pain has oc¬ 
curred after administration of cortisone or a suitable cortisone 
derivative. Prolonged rest may be contraindicated because of 
the risk of formation of radicular adhesions (36, 38). 

Although an inflammatory component in degenerative disc 
disease is known to occur, the chronicity of this process re¬ 
quires further evaluation. An autoimmune mechanism as a pos¬ 
sible cause of prolonged signs and symptoms once a herniated 
nucleus pulposus has been considered. Clinical evidence for 
this is found in patients who develop recurrent signs and symp¬ 
toms at the same level following surgery. Factors important in 
the autoimmunity theory are: 

1. Degenerative disc disease of the lumbar spine is mediated in 
some patients by an inflammatory component. 

2. The chronicity of the inflammation may have an autoim¬ 
mune basis. 

3. The leukocyte migration-inhibition test has demonstrated 
the presence of a cellular immune response in patients 
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whose discs were found to he sequestrated at the time of 

surgery. 

4. No human humoral antibody could he demonstrated (39). 

Degenerative changes in cartilage set off a series of well- 
defined pathoanatomic reactions in surrounding structures, 
which applies to the synovial joints as well as to the interverte¬ 
bral discs. The structures adjoining the cartilaginous area be¬ 
come the focus of vascularization, which at times results in the 
formation of granulationlike tissue. In discs, this vascular reac¬ 
tion does not occur until the degenerative process has reached 
the outer layers of the anulus, where a capillary network is 
present. The disc itself is avascular. An extensive capillary net¬ 
work can also be seen as an ingrowth into a degenerated disc. 

The chemical components of the material in discs are not 
constant. It seems likely that morphologic changes in the disc 
may release polysaccharide-bound proteins into surrounding 
structures outside the anulus, where these substances act as 
foreign elements, because the lack of vascular communication 
with the disc normally keeps them enclosed inside the inter¬ 
vertebral space. It is possible that the response could be inter¬ 
preted as autoimmunization (i.e., the production of a reactive 
inflammation). Animal experiments with transplantation of 
disc material to other areas have produced results that are not 
incompatible with this theory. Therefore, it is felt that we 
should pay attention to the chemical and immunologic aspects 
of disc reactions on surrounding structures if this novel 
concept of low back pain is to achieve increased biologic rele¬ 
vance. 

If we continue to believe that the disc is the origin of symp¬ 
toms, this must be ascribed to certain properties of the disc that 
are active during a certain period of life are lost at a later stage. 
It is not inconceivable that the physical properties of the disc 
produce more severe mechanical disorders at the beginning of 
the degenerative process than during its late stages, when the 
disc has collapsed and lost most of its function. This theory is 
supported by numerous morphologic and mechanical data. If in 
some way we could affect the degenerative process by speed¬ 
ing up the conversion of the intervertebral disc into a fibrous 
structure with different behavior, we might have succeeded in 
finding a solution to the problem ( 34). 

The chemical irritation of the nerve root in association 
with disc prolapse is the likely cause of the acute pain follow¬ 
ing injury. This view has arisen from the frequent operative 
finding of a swollen, inflamed nerve root without bone pres¬ 
sure. The chemical content of the nerve root includes glyco¬ 
protein. Previously, it was shown that the carbohydrate cap¬ 
sule of the pneumococcus liberates histamine and other H 
substances from perfused organs in much the same way as 
venom. Direct pharmacologic tests of nucleus pulposus show 
the presence of 1 to 4 jULg of histamine per gram, but no tryp- 
tamine, slow-reacting substance, or kinin. Extract of the gly¬ 
coprotein from human nucleus pulposus released consider¬ 
able quantities of histamine, edema fluid, protein, and 
another amine with four times the mobility of histamine from 
the isolated perfused lung oflhe guinea pig. Acute pain in disc 


injury is caused by local irritation of the nerve root that pro¬ 
duces edema and releases protein and H substances at the site 
of injury. Relief of pain by cortisone accords with these find¬ 
ings, because cortisone inhibits the peripheral response to El 
substances (41). 

W e have seen that mechanical compression of the nerve 
root is a source of low back and sciatic radiculopathy, and that 
chemical radiculitis is a new and scientifically equally exciting 
cause of nerve root irritation. What effects such mechanical 
and chemical irritants will have on trophic function of nerves is 
yet to be learned. Certainly, chiropractors can be excited about 
the interest in an area of the human anatomy—the spinal nerve 
root—that has been the primary focus of their contribution to 
the healing arts for almost 1 00 years. 

Piriformis Muscle Syndrome Caused by 
Chemical Irritant 

Sciatic neuritis is now believed to result from irritation of the 
sciatic nerve sheath, which is caused by biochemical agents re¬ 
leased from an inflamed piriformis muscle where the two struc¬ 
tures meet at the greater sciatic f oramen. The symptoms of pir¬ 
iformis syndrome present almost identically to those of lumbar 
disc syndrome, except for the consistent absence of true neu¬ 
rologic findings. Diagnosis is accomplished by palpation of my¬ 
ofascial trigger points within the piriformis muscle. Treatment, 
which consists of a conservative approach employing local anes¬ 
thetics and osteopathic manipulation, is without significant 
risk. Reducing muscle spasm, restoring joint motion, and 
keeping the patient ambulatory and in motion are keys to suc¬ 
cessful treatment (40). 

Pain Receptors In Low Back Pain 

According to Livermore (42) there are two basic types of sen¬ 
sory nerve fibers: (a) type A, which are large, myelinated fibers 
that conduct impulses quickly and tend to conduct modalities 
of touch and pressure; and (b) type C, which are fine, un¬ 
myelinated fibers that conduct impulses slowly and transmit 
pain and temperature perception. Peripheral sensory fibers 
carry both A and C fibers and run with the motor portion of the 
nerve. 

The course of a pain impulse is as follows: peripheral sen¬ 
sory ending—>common root at intervertebral level via ventral 
ramus—>dorsal root—>dorsal root ganglion cell bod¬ 
ies—>spinothalamic tracts (lateral carries type C fibers for pain 
and temperature, anterior carries A fibers for touch and pres¬ 
sure)—^thalamus (for organization and modification) (42). 

Two types of pain sensation are found: (a) deep pain 
(splanchnic pain—associated with C fiber irritation—dull, 
deep, aching, diffuse pain that follows myotomes and sclero¬ 
tomes. Referred pain is close to the site of pathologic condi¬ 
tion. Pain is of later onset—more disabling and difficult to 
localize. ( b ) Superficial pain—called somatic pain—sharp, lo¬ 
calized, and carried by type A fibers. Pain follows the der¬ 
matome (42). 
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Chemical Radiculitis Occurs Via Epidural 
Transport to the Nerve Roots 

A rapid transport route between the epidural space and the in- 
traneural capillaries exists; therefore, nucleus pulposus mater¬ 
ial, as well as epidurally applied substances (e.g., local anes¬ 
thetic drugs or epidurally injected corticosteroids), may have a 
rapid, direct transport route to the spinal nerve root axons 
(43). Nociceptors respond to chemical, mechanical, and ther¬ 
mal stimuli; damage to a peripheral nerve results in physio¬ 
logic, morphologic, and biochemical changes that act as a focus 
of pain. Reduced food supply to myelinated fibers results in de- 
myelination. Inflammatory response to irritation results in a 
combination of inflammatory mediators such as potassium, 
serotonin, bradykinin, substance P, histamine, and products of 
arachidonic acid metabolism (44). 

Substance P Is Found in Nerve Fibers of the 
Intervertebral Anulus Fibrosus 

The intervertebral disc is innervated by the sinuvertebral nerve 
and by branches of the sympathetic trunk. Nerve fibers extend 
into the anulus fibrosus either as free fibers or in association 
with blood vessels. Some of these nerve fibers in the outer an¬ 
ulus in humans are immunoreactive for SP. Substance P is a 
neuropeptide that, when released from the central terminals of 
primary afferent neurons in the dorsal horn of the spinal cord, 
acts as a neurotransmitter or neuromodulator. Substance P is 
transported antidromically to peripheral nerve endings where 
it contributes to inflammatory processes such as mast cell de¬ 
granulation, vasodilation, and increased capillary permeability 
in skin and joints. 

Substance P is a member of the tachykinin group of pep¬ 
tides. The biologic effects of the tachykinins are mediated by 
their interaction with specific high-affinity receptors on cell 
surfaces. It stimulates endothelial cell prolif eration and migra¬ 
tion, essential features in the formation of a new vascular net¬ 
work, suggesting that SP could itself be a contributory factor in 
neovascularization in human intervertebral disc. The effect of 
increased blood flow and angiogenesis caused by SP stimulus 
may promote tissue repair and improved nutrition; however, 
sustained high levels could contribute to inflammation (45). 

Phospholipase A 2 (PLA 2 ) Inflammatory Enzyme 

Herniated and degenerated lumbar discs show high levels of 
this inflammatory enzyme, which may result in the biochemi¬ 
cal rather than mechanical cause of pain (46). The liberation of 
phospholipase A 2 from a herniated disk could also cause direct 
inflammation in the surrounding region. Nerve endings have 
also been described in the granulation tissue of degenerated 
discs, which had previously been without innervation (47). 
PLA 2 has also been seen elevated in patients with malaria, en- 
dotoxic shock, peritonitis, psoriasis, and pancreatitis, and in 
the synovial fluid, serum, and bronchial lavage fluid of patients 
with arthritis. PLA 2 released from nuclear material might bind 
to the nerve sleeve and other tissue of the neural canal to act as 
a proinflammatory agent (48). Gronblad et al. (49), however, 


report the phospholipase A 2 levels no higher in herniated or de¬ 
generated disc tissue than in normal discs. 

Phospholipase A 2 was found in the facet synovial fluid of 28 
low back pain patients with associated sciatic or femoral neu¬ 
ropathy. At surgery lateral recess stenosis was found as a result 
of facet joint hypertrophy; decompression surgery with exci¬ 
sion of the facet joints and release of nerve root adhesions had 
gratifying results on these patients. Inhibition of PLA 2 may 
prove beneficial in future treatment of arthritis and low back 
pain (50). 

Cytokines 

Lumbar disc herniations show inflammatory cytokines such as 
interleukin-1, which increases prostaglandin E 2 production. 
Further studies are required to elucidate the role of inflamma¬ 
tory cytokines in causing sciatic pain (51). 

IgG and IgM Elevation 

Spiliopoulou et al. suggest that IgG and IgM trigger a local in¬ 
flammatory process at the nerve root exposed to nuclear mate¬ 
rial, which may be the causative agent of the low back pain as¬ 
sociated with sciatica (52). Chemical irritants stimulate the 
dorsal root ganglion, resulting in ref erred pain (dysesthesias) 
without root tension signs or neurologic deficit. The sinuver¬ 
tebral nerve is a sensory afferent nerve that relays pain stimuli 
from nociceptive free nerve endings (52). Chronic inflamma¬ 
tion can occur as the nucleus pulposus becomes accessible to 
the vascular system and an autoimmune response occurs (47). 

In 29 of 52 disc herniations (56%), immunoglobulin M de¬ 
posits were observed, and in 18 of 52 disc herniations (35%) 
immunoglobulin G could be demonstrated. The results lend 
support to prior suggestions of inflammation and immune re¬ 
action in disc herniations, including previous biochemical stud¬ 
ies suggesting immunoglobulin deposition. The exact role of 
the demonstrated immunoglobulins in disc tissue pathophysi¬ 
ology is not clear (53). 

Prostaglandins 

Prostaglandin (PG) and leukotriene (LT) released from human 
disc and lumbar facet joint tissue has been documented with 
high levels of PLA 2 in the human disc. PLA 2 releases fatty acids 
from lipid membranes. These can be converted to PG and LT, 
which are potent inflammatory mediators and purported to be 
involved in lumbar diseases (54). 

Three recent studies have shown elevated levels of pros¬ 
taglandin E 2 in intervertebral disc herniations. Sequestrated 
discs tend to be associated with a higher prostaglandin E 2 con¬ 
tent than extruded discs, which in turn tend to be associated 
with higher prostaglandin E 2 content than protruded discs. A 
positive straight leg raising test appeared to be associated with 
a higher prostaglandin E 2 content than a negative test (55). 

Substance P and Calcitonin Gene-Related Peptide 
Released In Joints and DRG 

Substance P (SP) and calcitonin gene-related peptide (CGRP) 
cause vasodilation and increase plasma protein extravasation in- 
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duccd by tachykinin. Severely affected arthritic joints have the 
highest concentrations of SP. Thus, neuropeptides may play a 
significant role in degenerative spine disease. 

The dorsal root ganglion is sometimes referred to as the 
“brain” of the spinal motion segment or functional spinal unit. 
Within it, SPand CGRP are co-localized in small ganglion cells 
of rats and cats, in the sensory parts of the nervous system. 

Because of the dorsal root ganglion’s vascular supply and 
tight capsule, it is suggested that mechanical compression of the 
ganglion may result in intraneural edema and subsequent de¬ 
crease in cell body blood supply, accounting for abnormal DRG 
activity and pain. Anatomically, the DRG serves as a vital link 
between the internal and external environment and the spinal 
cord (56). 

Chemical Radiculitis of the Nerve Root by 
Nuclear Material 

Epidural application of autologous nucleus pulposus in pigs, 
without mechanical nerve root compression, induced a pro¬ 
nounced reduction in nerve root function after 1 to 7 days be¬ 
cause of possible direct biochemical ef fects of nucleus pulposus 
components on nerve fiber structure and function and mi- 
crovascular changes, including inflammatory reactions in the 
nerve roots (57). 

Epidural application of autologous nucleus pulposus with¬ 
out any pressure may induce nerve function impairment and 
also axonal injury and significant primary Schwann cell damage 
with vesicular swelling of the Schmidt-Lanterman incisures 
(58). Efigh-dose methylprednisolone administration within 24 
to 48 hours after epidural application of autologous nucleus 
pulposus reduced the inflammatory changes (59). 

Mechanism of Action of Steroid Injections Is Offered 

Compression on a nerve root by disc, facet, pedicle, or liga¬ 
ments impedes blood circulation within the nerve root, result¬ 
ing in swelling and venous congestion. Inflammatory chemicals 
may leak from the degenerative disc into the nerve root, caus¬ 
ing a chemical radiculitis. These changes can result in nerve 
malnutrition, causing cellular changes in the nerve fibers; and 
also electrophysiologic changes and abnormal nerve impulses. 

The nerve root compression causes sensitization of nerves in 
both directions from the lesion, centrally and peripherally. The 
nerve endings thus stimulated, produce more and more aber¬ 
rant impulses. The net result is a “vicious cycle” of pain- 
producing impulses and sometimes severe radicular pain. It 
may be possible to disrupt the “vicious cycle” through injections 
of steroids into the nerve root, even if the steroids do not ac¬ 
tually reach the site of compression (60). 

Nuclear Material Causes Inflammation and 
Fibrosus of Epidural Space 

The nucleus pulposus (escaping from the intervertebral disc), 
lactic acid (from anaerobic glycolysis in the disc), chondroitin 


sulfate (a component of glycosaminoglycans in the disc), or 
synovial fluid (from degenerating facet joints) cause inflamma¬ 
tion in the meninges if they contact the dura mater. Nucleus 
pulposus produced significant fibrosus in the arachnoid and 
epidural spaces; the other substances did not cause fibrosus or 
inflammation. This suggests that leakage of nucleus pulposus 
into the epidural space causes an inflammatory response in the 
arachnoid and epidural spaces (61). 

Nucleus pulposus cells (chondrocytes, fibrocytes, noto¬ 
chordal cells, and secretory stellate cells) induce the pain 
response at the nerve root through immunologic, inflam¬ 
matory, or other mechanisms; it is not the proteoglycan 
constituent of the nuclear material that causes the irrita¬ 
tion (62). 

Herniated Disc Material Contains Nerve Fibers That 
Produce Chemical Irritants 

Nerve terminals were found in 83% of 35 herniated discs that 
produced substance P and sympathetic C-flanking peptide of 
neuropeptide Y, which could be involved in the mechanism of 
discogenic pain and inflammation (63). 

Nervous and Immune Systems Interact 

It has become increasingly apparent that the nervous and im¬ 
mune systems are not entirely independent of each other. For 
example, a variety of cytokines is released in the vicinity of the 
nerve root by phagocytic and antigen-presenting cells of the 
immune system. The cytokines play an important role in the 
orchestration of the immune response. The hyperalgesic ef fects 
of each type of cytokine differ with hyperalgesia resulting 
within hours after injection into the rat paw (64). 

MECHANICAL AND CHEMICAL IRRITATION 
COMPARED AS CAUSE OF RADICULOPATHY 

The neurochemical and neurophysiologic factors associated 
with lumbar nerve root irritation were studied via a rat study 
model using compression and chemical approaches to nerve 
root trauma (65). The LT-L6 nerve roots and dorsal root gan¬ 
glia were surgically exposed, and silk ligature with and without 
chromic gut was placed around the nerve root or ganglion (Fig. 
3.14) Motor function and the reflex responses to noxious ther¬ 
mal and mechanical stimuli were measured in the rats preop- 
eratively and at 1 to 1 2 weeks postoperatively. Increased pat¬ 
terns of substance P, calcitonin gene-related peptide, and c-fos 
changes within the dorsal root ganglia reflect possible distur¬ 
bance of axonal transport or an increased production in re¬ 
sponse to nerve irritation. 

Mechanical constriction of lumbar spinal nerve roots, as ev¬ 
idenced by a loss of myelinated fibers, is not suf ficient to pro¬ 
duce the behavioral effects associated with lumbar radiculo¬ 
pathy. The chromic chemical irritation may play a role in the 
pathophysiology and development of the behavioral but not 
the histologic changes in this rat model of lumbar radiculo¬ 
pathy (65). 
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Figure 3.14. Schematic of surgical procedures: Sham operation to to¬ 
tally expose the L4, L5, and L6 nerve roots and dorsal root ganglia on the 
left side. (/) Nerve root clipping, where the nerve roots were clipped 
with a microhcmoclip (//); 4-0 silk ligature, where two loose ligatures ot 
4-0 silk were placed around the nerve roots (///); 4-0 chromic gut I, 
where one loose ligature ot 4-0 chromic gut was placed around the nerve 
roots (11 7 ); 4-0 chromic gut 2, where tour 0. 3 cm pieces ot 4-0 chromic 
gut were laid adjacent to the nerve roots and secured by two loose liga¬ 
tures ot 4 0 chromic gut (K). (Reprinted with permission from 
Kawakami M, Weinstein JN, Spratt KF, ct al. Experimental lumbar 
radiculopathy: immunohistochemical and quantitative demonstrations ot 
pain induced bv lumbar nerve root irritation of the rat. Spine 1994; 
19(16): 1780- 1794. Copyright 1994, Lippincott-Raven.) 


Mechanical Nerve Root Compression Alone 
May Not Cause Radiculopathy 

Many patients who have no symptoms, in particular pain, show 
obvious compression of the nerve root or cauda equina in myel- 
ographic, computed associated tomographic, and magnetic reso¬ 
nance imaging studies, which suggests that mechanical compres¬ 
sion of a nerve root is not necessarily associated with leg pain. An 
autoimmune reaction from exposure to disc tissues and/or an in¬ 
creased concentration of lactic acid and a lower pH in the region 
of the nerve roots correlate with the clinical signs of radiculopa¬ 
thy. Chemical inflammatory reaction within or around the nerve 
roots may he necessary to produce radiculopathy (66). 

Herniated lumbar discs make spontaneously increased 
amounts of matrix metalloproteinases, nitric oxide, prosta¬ 
glandin E 2 , and interleukin-6, which may be involved intimately 
in the biochemistry of disc degeneration and the pathophysiol¬ 
ogy of radiculopathy implicating a biochemical processes in in¬ 
tervertebral disc degeneration (67). Arachnoid cells may initi¬ 
ate or sustain the intradural inflammatory reaction found in 
cervical myeloradiculopathy (68). 

Inman and Saunders (69), commenting on the concept that 
sciatica is caused solely by pressure on the nerve root, stated 
that this is not borne out by the existing experimental evidence 
on the effects of pressure on nerves, and they found no exper¬ 
imental evidence to indicate that pressure alone on the nerve 
root initiates pain of this characteristic type. 

From a series of 22 patients with sciatica caused by inter¬ 
vertebral disc pressure, eight were chosen. Each of these pa¬ 
tients had classic sciatica with an unequivocal disc herniation 
pressing on the fifth lumbar and first sacral roots demonstrated 


at operation (69). The disc material was removed through a 
small aperture cut in the ligamentum flavum. An effort was 
made to center this aperture directly over the protruding disc. 
When the disc material was removed, a loop of nylon thread 
was passed around the involved root and its two ends brought 
to the surface. It was so placed that, when the slack was taken 
up, the loop pressed on the root at the same place as the disc 
had. It tended to maintain this relation to the root because of 
its passage through the small aperture in the ligamentum flavum 
directly above it. It was hoped that, by pulling on this nylon 
thread to bring it in contact with the root, the ef fects of disc 
pressure would he closely simulated. 

The experiment was perf ormed on the first postoperative 
day in three patients, on the 14th day in one, and on the 10th 
day in the remaining four. In all these eight patients, symptoms 
were completely relieved by removal of the disc. 

In 1 1 patients, 10 of whom had herniated discs, the liga¬ 
mentum flavum, interspinous ligament, and anulus fibrosus 
were tested instead of a nerve root or the dura mater. In eight 
patients, one nylon suture was passed through the ligamentum 
flavum and one through the interspinous ligament. In two pa¬ 
tients, the ligamentum flavum was tested; in the last, the anu¬ 
lus fibrosus alone was tested. 

It has been established that the nerve root need only be 
touched to cause sciatica. It would also appear that if touched re¬ 
peatedly or continuously the root becomes hypersensitive (69). 

MECHANICAL COMPRESSION OF THE DRG 
IN THE NEUROFORAMEN 

The DRG was studied for compression by the superior articu¬ 
lar facet and/or degenerative bulging discs in 35 cadavers. The 
incidence of indentation on the DRG was highest when located 
in the proximal foramen, whereas extraforaminally located 
ganglia had the lowest incidence of indentation. The incidence 
of indented DRG increased with age. The possible correlation 
between these observed anatomic abnormalities and clinical 
symptoms must be further elucidated (70). 

Another Explanation of Pain Transmission 
and Locus 

Pain is usually thought to occur when a receptor is stimulated, 
resulting in transmission of the impulse to the brain for inter¬ 
pretation; however, if a nerve is stimulated between the re¬ 
ceptor and the brain, the pain may be recognized at the recep¬ 
tor site even though it is not the origin of stimulation. This 
explains the mode of pain felt in the sciatic nerve when the 
nerve root is compressed by a herniated disc, resulting in pain 
not being localized to the lumbar spine but rather to the re¬ 
ceptor site of the compressed axon (71) (Fig. 3.15). 

Pain Perception Neural Transmission 

Pain perception begins with activation of peripheral nocicep¬ 
tors and conduction through myelinated A and unmyelinated C 
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Figure 3.15. When a herniation of an intervertebral disc affects a 
nerve root in the lumbar spine, the brain may interpret the pain as com¬ 
ing from the end of the axons involved (i.e., from the foot and leg). 
(Reprinted with permission from Olcmarkcr K, HasueM. Classification 
and pathophysiology of spinal pain syndromes. In: Weinstein JN, Rvde- 
vik BL, Sonntag V, eds. Essentials of the Spine. New York: Raven Press, 
1995:19. Copyright 1995.) 


fibers to the DRG. From here, signals travel via the spinothal¬ 
amic tract to the thalamus and the somatosensory cortex. De¬ 
scending pathways from the hypothalamus, which have opioid- 
sensitive receptors and are stimulated by arousal and emotional 
stress, transmit signals to the dorsal horn that modulate as¬ 
cending nociceptive transmissions. 

Nociceptive receptors are free nerve endings found 
throughout the body in skin, viscera, blood vessels, muscle, 
fascia, and joint singular capsules. Nociceptors also have neu- 
roef f ector functions. They release neuropeptides from the cell 
bodies in the dorsal horn (e.g., SP, CGRP) that act on periph¬ 
eral cells (72). 

DRG Is Highly Sensitive to Irritation 

Hypoxia Changes of DRG with Compression 

Dorsal root ganglia are more highly sensitive than the dorsal 
root to mechanical compression and hypoxia, and they are 
closely related to abnormal sensations and radiculopathy. A hy¬ 


poxic condition evokes spontaneous firing and increased sensi¬ 
tivity to mechanical stimuli in the DRG. Nerve conduction fir¬ 
ing velocity caused by mechanical compression or hypoxia 
ranges between 20 to 35 m/sec (73). Inhibitory synaptic trans¬ 
mission is depressed preferentially in the early phase of hy¬ 
poxia. Excitatory and inhibitory transmissions are suppressed 
in prolonged severe hypoxia. Glucose deficiency has aggra¬ 
vated hypoxic inhibition of synaptic transmissions (74). 

Vasculature of the Spinal Nerve Roots and 
the Effect of Compression On Blood Flow 
to the Nerve Roots 

Nerve Roots Are Susceptible to Ischemia 

Nerve roots lack the continuous blood supply of regional ar¬ 
teries and veins. This results in a nutritional deficit if a nerve 
root is compressed at two locations: the area of nerve root be¬ 
tween two points of compression is more aggravated than 
nerve root tissue compression at one point only, and the symp¬ 
toms are more severe for the patient. Figure 3.16 shows the 
differing blood supply to nerve root and peripheral nerve (71). 
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Figure 3.16. The vascular supply to the nerve root comes from the 
spinal cord and peripherally from blood vessels outside the spine. Radicu¬ 
lar arteries are formed, and they supply the nerve root f rom both directions. 
The nerve root has no connections to surrounding vessels. In the peripheral 
nerve, however, the vascular svstem of the nerve has numerous connections 

j 

to surrounding vessels along its course. (Reprinted w ith permission from 
Olemarkcr K, Hasue M. Classification and pathophysiology of spinal pain 
syndromes. In: Weinstein JN, Rvdcvik BL, Sonntag V, eds. Essentials ot the 
Spine. New York: Raven Press, 1995;22. Copyright 1995.) 
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The segmental arteries generally divide into three branches 
when approaching the intervertebral foramen: (a) an anterior 
branch, which su ppn es the posterior abdominal wall and lum¬ 
bar plexus; ( b ) a posterior branch, which supplies the paraspinal 
muscles and facet joints; and (c) an intermediate branch, which 
su pph es the contents of the spinal canal (75). 

Nerve Roots Depend On Nutrients from Cerebrospinal 
Fluid and Arterioles 

Nutrients can be transported to the nerve roots both by the in¬ 
trinsic blood vessels and via diffusion from the cerebrospinal 
fluid. Ten millimeters of mercury was sufficient to induce a re¬ 
duction of methylglucose transport to the nerve roots by 20 to 
30% as compared with control (76). 

Reduced Blood Flow to the Nerve Root 

The intraneural blood flow between two compression balloons 
on a pig nerve root showed that at 10 mm Hg compression, to¬ 
tal blood flow decreased 64% in the uncompressed segment 
compared with precompression values. Total ischemia oc¬ 
curred at pressures 10 to 20 mm Hg below the mean arterial 
blood pressure. After two-level compression at 200 mm Hgfor 
10 minutes, intraneural blood flow gradually recovered toward 
the baseline. Recovery was less rapid and less complete after 2 
hours of compression. Double-level compression of the cauda 
equina can thus induce impairment of blood flow, both at the 
compression sites and in the intermediate nerve segments lo¬ 
cated between two compression sites, even at very low pres¬ 
sures. These findings may have clinical importance in the un¬ 
derstanding of the pathophysiology of multiple level cauda 
equina compression (76). 

Compression compromised cerebrospinal fluid percolation 
through the cauda equina and spinal nerve roots with venular 
ischemia occurring at 30 mm Hg compression and arteriolar 
compromise at approximately 60 to 70 mm Hg on the nerve 
root. Diffusion of metabolites and nutritional support mecha¬ 
nisms are markedly reduced (77). 

Extradural nerve root compression, often seen in degener¬ 
ative conditions of the spine, disturbs the blood flow in the 
proximal part of the nerve root more than the distal part. Block 
of the cerebrospinal fluid flow around the nerve root on the dis¬ 
tal side of the compression, however, provokes reduction of 
the blood flow to a certain extent not only in the distal part of 
the nerve root but also in the dorsal root ganglion, suggesting 
that clinical symptoms derived from the dorsal root ganglion 
may exist even when it is not compressed directly (78). 

Lower Extremity Vascular Abnormalities 
Secondary to Sciatic Radiculopathy—Reflex 
Sympathetic Dystrophy 

Abnormality in vascularization of the lower extremity was 
found in 24 (80%) of patients with sciatica and in 1 I (68.7%) 
of the patients with low back pain. The median blood flow dif¬ 
ference was — 12.5% and +4%, respectively, in these two 


groups versus + 2.9% in the control group. Vascular perfusion 
abnormalities observed in patients with sciatica secondary to 
disc herniation, which may be more important than previously 
considered, possibly result from alteration in sympathetic vas¬ 
cular autoregulation. Compression and inflammation of the 
root by the disc could distort the signals coming from the lower 
extremities and heading toward sympathetic centers responsi¬ 
ble for blood flow to the extremities. This mechanism would 
be analogous to reflex sympathetic dystrophy (79). 

Intraneural Edema with Compression of 
the Nerve Root 

Permeability of the endoneurial capillaries of the nerve roots 
under compression is altered to cause edema when 2 minutes 
of 50 mm Hg compression is applied. Intraneural edema may 
increase the endoneurial fluid pressure. Such increased pres¬ 
sure may impair the endoneurial capillary blood flow and in this 
way impair the nutrition of the nerve roots. Nutritional im¬ 
pairment probably occurs within seconds to minutes after start¬ 
ing the compression (75). 

Compression of the Herniated Disc Is 
Greater Than Spinal Stenosis 

A herniated or protruded disc may induce much higher com¬ 
pression pressure levels than central spinal stenosis. Also, 
nerve roots compressed by disc material often show signs of 
chemical inflammation from nuclear leaking. The root sleeves 
are innervated by the recurrent nerve of Luschka that runs in a 
cranial direction from the caudal end of the nerve roots. Pain 
recorded by this nerve might be referred to the dermatome of 
that specific nerve root level. The pain induced by the straight 
leg-raising test simply might be an effect of the irritated 
meninges sliding over herniated disc tissue. 

The most recently observed substances that might be injuri¬ 
ous to the nerve tissue per se are cytokines, which can leak 
from, for instance, degenerated facet joints. In an experimen¬ 
tal model, cytokines may have impaired nerve impulse con¬ 
duction of rat sciatic nerves (75). 

Chronically Compressed Nerve Roots Adapt to 
Compression Effects 

Time and pressure controlled compression of dog cauda equina 
indicate that a metabolism or vascularity adaptation process oc¬ 
curs in compressed nerve tissue. It may be more difficult than 
previously assumed to study neuroischemic nerve changes in 
noncompressed nerves (80). 

DRG Compression by Herniated Disc Causes 
Sciatica More Than Dorsal Horn 
Compression 

Three types of mechanoreceptive neurons are seen in the dor¬ 
sal horn of the spinal cord: 
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1. Nociceptive-specific neurons—respond to strong, overt 
noxious mechanical stimulation of the skin. 

2. Wide-dynamic-range neurons—respond to general me¬ 
chanical stimulation of the skin. 

3. Low-threshold mechanoreceptive neurons—respond to 
noxious stimuli. 

The DRG has a mechanically sensitive nervi-nervorum that 
can be activated by compression. The DRG blood supply and 
tight capsule may cause intraneural edema on compression that 
accounts for pain. The DRG is more susceptible to mechanical 
compression than the dorsal root. Radicular pain associated 
with a herniated intervertebral disc initially results from com¬ 
pression of the DRG. Mechanical compression of either the 
dorsal root ganglion or chronically injured roots can produce 
hyperpathic symptoms of paresthesia, hyperalgesia, and allody- 
nia associated with herniated intervertebral disc (81). 

Substance P Accumulates in the DRG at 4 
Weeks of Chronic Compression 

Substance P is mainly accumulated within the nerve root tissue 
with a smaller increase in the DRG after 1 week of chronic 
compression. At 4 weeks the DRG accumulates greater 
amounts of SP. This suggests that amounts of SP accumulation 
may be related to pain production occurring during controlled 
nerve root compression (82). 

DRG Surgical Removal Relieves Sciatica 

Dorsal root ganglionectomy in 61 patients gave 60% of them 
relief of intractable monoradicular sciatica. Dysesthesia, which 
continued in 60% of the patients, was relieved with systemic li- 
docaine (83). 

SUMMARY OF CAUSES OF NERVE 
ROOT IRRITATION 

A working hypothesis for the pathomechanism of radicular pain 
is proposed. When the nerve root is involved, mechanical and 
circulatory changes are produced. Inflammatogenic materials 
may leak from the degenerative disc and facet into the nerve 
root, causing chemical radiculitis. These changes can be fol¬ 
lowed by nerve fiber and cell changes including blockage of ax¬ 
onal flow and demyelination, causing ectopic discharges and 
cross talk. Disturbed or enhanced synthesis and transport 
of neuropeptides can also be elicited. These multifactorial 
changes may finally result in sensitization of both the central 
and peripheral nervous systems, causing radicular pain (84). 

The dorsal root ganglion has a rich blood supply. Seventy 
percent of its nutrition is supplied by cerebrospinal fluid. Con¬ 
sequently, if the cerebrospinal fluid flow is blocked, as in the 
case of adhesive arachnoiditis, nerve root nutrition is markedly 
disturbed. 

Movement of the nerve root by flexion of the whole spine is 
marked in the upper lumbar spine, whereas movement by 


straight leg raising maneuvers happens mostly in the L5 and SI 
roots. The elastic limit of the nerve root is 1 5% of its length, 
and if stretched more than 2 1%, complete failure can occur. 

The normal DRG can produce spontaneous ectopic dis¬ 
charges and reflected impulses as well as mechanically induced 
discharges. 

Inflammatogenic materials, such as PLA 2 and synovial cy¬ 
tokines, may leak from the degenerative disc or facet joint into 
the nerve root, causing “chemical radiculitis” (84). 

HOW MUCH DISC REDUCTION IS 
NECESSARY TO RELIEVE PAIN? 

Next will be shown cases from my practice showing varying 
degrees of reduction in disc herniation size in patients receiv¬ 
ing relief of their low back pain and sciatica. Based on the dis¬ 
cussion in this chapter, it can be seen that much relief can be 
gained from dissipation of chemical irritants with or without 
reduced compression by disc herniation. Diagnostic imaging 
of both pre and post-treatment relief cases I have treated will 
be presented. 

Case 7 

This is a case showing the reduction of disc protrusion on pre- and 
post-treatment computed tomography (CT) scan. This patient 
was totally relieved of low back and leg pain, but you can see that 
there was far less than 100% reduction of the disc protrusion. 
Figure 3.17 reveals that the L5-S1 intervertebral disc protrusion 
occupied 38% of the sagittal diameter of the vertebral canal. Fol¬ 
lowing complete relief of low back and leg pain, the percentage 
occupied by the intervertebral disc protrusion was still 38% (Fig. 
3.18). 

Figure 3.19 reveals that the L4-L5 disc protrusion occupied 
50% of the sagittal diameter of the vertebral canal. Six months 
later, however, the intervertebral disc protrusion occupied 37.5% 
of the total canal; this is a 12.5% reduction in the size of the disc 
protrusion (Fig. 3.20). 



Figure 3.17. At L5-SI, 38% of the sagittal diameter of the vertebral 
canal is occupied by the disc protrusion when the patient’s low hack and 
leg pain symptoms are severe. 
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Figure 3.21. The L4—L5 disc pr«trusi«n •ccupies 50% •! the vertebral canal 
diameter when this patient has l#w back and left sciatic pain. 


Figure 3.18. Six months later, following complete relief of the low 
back and leg pain symptoms, the patient shows the same 38% disc pro¬ 
trusion at the L5—SI level. 


Figure 3.19. L4—L5 shows 50% of the sagittal diameter of the verte¬ 
bral canal to be occupied by the disc protrusion when the low back and 
leg pain symptoms are severe. 


Figure 3.20. Following complete relief of low back and leg pain, the 
LT- L5 disc seen in Figure 3.19 is reduced to 37.5% of the canal diameter. 


Case 2 

A 32-year-old white man was involved in an automobile accident. 
Prior to this he had never had low back or leg pain. Following the 
accident, he developed low back pain and eventual left lower ex- 


Figure 3.22. The L5—SI disc protrudes into the vertebral canal to oc¬ 
cupy 30% of the canal when the patient has low back and sciatic pain. 

tremity pain in the distribution of the L5 and SI dermatomes, es¬ 
pecially the SI dermatome. The patient was seen 11 months fol¬ 
lowing the automobile accident. During that time, he had been 
treated by his family doctor, who referred him to a neurosurgeon 
when he failed to respond to drug therapy. This was 10 months 
following the injury. The neurosurgeon recommended that 
surgery be performed due to the positive CT scans at the L4-L5 
and L5-S1 disc spaces, both of which revealed intervertebral disc 
protrusions. 

Ten months following the injury, and prior to surgery, the pa¬ 
tient chose to have a chiropractic consultation for possible con¬ 
servative treatment of his disc protrusions. Our examination re¬ 
vealed that the leg and back pain were aggravated by Dejerine's 
triad. The patient complained of night pain. The ranges of mo¬ 
tion were limited only by 10° of extension and 10° of left lateral 
flexion. Straight leg raising produced no low back pain; however, 
Bechterew's sign or sitting straight leg raising sign did produce 
low back pain. There was no sign of motor weakness. The deep 
reflexes at the ankle and knee were +2 bilaterally, and no sen¬ 
sory deficit was seen on pinwheel examination. Circulation of the 
lower extremities appeared adequate. The original CT scans, re¬ 
vealing the bulging L4-L5 and L5-S1 discs, are shown in Figures 
3.21 and 3.22. 

Treatment was started 11 months following the initial onset of 
pain. It consisted of flexion-distraction manipulation of the L4-L5 
and L5-S1 disc spaces. Physical therapy was given in the form of 
positive galvanism and alternating hot and cold applied to these 
disc areas and to the sciatic nerve distribution on the left lower 
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extremity. Tetanizing current to the paravertebral muscles was uti¬ 
lized. The patient was placed in a lumbar support and given home 
exercises consisting of knee-chest exercises and intra-abdominal 
increasing of pressure. He was told to avoid sitting as well as 
bending and twisting at the waist. He attended low back well¬ 
ness school to learn how to perform the proper bending and lift¬ 
ing in daily life without aggravating his back. 

After 3 weeks of this care, the patient was relieved of more 
than 50% of his low back and left leg pain. At that time, he was 
started on Nautilus exercise regimens, and he rapidly regained 
muscle strength to the lumbar and abdominal areas. At the be¬ 
ginning of his Nautilus work, he could perform lumbar extension 
at approximately 10 pounds of pressure, and he eventually was 
able to lift well in excess of 150 pounds at 15 repetitions, with 
three sets of repetitions at each session. These sessions were held 
three times weekly during the course of care. The patient contin¬ 
ued the stretching of very tight hamstring muscles, which re¬ 
sponded well even though they showed extreme shortness at the 
beginning of this care. This patient returned to work 5 weeks fol¬ 
lowing the onset of treatment and has worked ever since. He was 
gradually weaned from his lumbar support and was told to wear 
it only in stressful situations that necessitated heavy lifting or 
repetitive bending or twisting. During the course of his healing, 
he had slight discomfort at the end of a work day, but this was 
relieved by rest and performing his exercises. 

Figures 3.23 and 3.24 are repeat CT scans performed 4 



Figure 3.23. Following total relief of both low back and leg pain, com¬ 
puted tomography scan of this patient still shows 50% of the L4—L5 ver¬ 
tebral canal to be occupied by the disc protrusion. 



Figure 3.24. Ukcwise, the L5—S 1 disc still bulges into the canal to oc¬ 
cupy the same 30% of its diameter when the patient is asymptomatic. 


months following the original CT scan and 3 months following 
the institution of our conservative flexion-distraction manipula¬ 
tion. By measuring the disc protrusion percentage occupying the 
vertebral canal, we determined that no change had occurred in 
the size of the disc bulge, although the patient's symptoms had 
been totally relieved. Therefore, we note that the patient does 
maintain disc herniations at the L4-L5 and L5-S1 levels; however, 
he is totally asymptomatic. As has been discussed elsewhere in 
this chapter, we know that fully one third of people who have 
never had low back or leg pain will reveal such disc protrusions. 

Discussion of Cases 1 and 2 

Here we have seen two patients with large disc protrusions—true 
sciatic radiculopathy—who obtained complete relief of symp¬ 
toms under treatment, although a large disc protrusion was still 
present. Certainly, some degree of tightness was created within 
the vertebral canal by the presence of this foreign element of disc 
material, but only when a certain degree of compression was 
reached were symptoms produced. 

To further discuss the reduction of disc protrusion by conserv¬ 
ative treatment, the cause of nerve root irritation, and its effec¬ 
tive relief by conservative care, I published a paper in the Journal 
of Manipulative and Physiological Therapeutics. At this time, ex¬ 
cerpts from that paper will be presented to enlighten the reader 
on the conservative reduction of disc protrusions and how disc 
protrusion can be determined from diagnostic imaging. 


A HYPOTHESIS INTRODUCING A NEW 
CALCULATION FOR DISCAL REDUCTION: 
EMPHASIS ON STENOTIC FACTORS AND 
MANIPULATIVE TREATMENT 8 

Measurement of a Disc Protrusion by 
CT Scan 

We offer a technique to measure the disc protrusion size and to 
evaluate change in size of the bulge. These measurements were 
then correlated to the patient’s subjective and clinical objective 
findings. 

The technique involves obtaining three consecutive, paral¬ 
lel 2-mm cuts through the disc with the gantry angulation set 
to obtain axial scans in the plane of the disc. Of course, per¬ 
pendicular sections to the rostrocaudal axis may he best in some 
cases. In this particular case, the same three cuts were made on 
each of three dates: January 1985, when the pain led to hospi¬ 
talization and CT; June 1985, when the pain worsened; and 
August 1985, when the pain was absent. The first measurement 
(4) is from the posterior vertebral body to the most posterior 
aspect of the disc bulge (Figs. 3.25 and 3.26). The second mea¬ 
surement (£) is from the posterior edge of the vertebral body 
to the posterior spinal canal where the laminae join with the 
spinous process (Figs. 3.25 and 3.26). These two measure¬ 
ments are used to form a percentage, (A/B) X 100 (Table 3.1). 
The three disc-bulge-to-spinal-canal percentages obtained on 


"Modified f rom JM Cox, DD Aspegren: A hypothesis introducing a new calculation f or dist al re¬ 
duction: emphasis on stenotic factors and manipulative treatment, j Manipulative Physiol I her 
1987; 10(6):287 294, copyright, National College of Chiropractic, 1987. 
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Figure 3.25. Computed tomography scan showing the line drawn 
along the posterior vertebral body, along the posterior disc bulge, and at 
the junction of the spinous process and laminae (posterior vertebral canal 
border). (Reprinted with permission from Cox JM, AspegrenDD. A hy¬ 
pothesis introducing a new calculation for discal reduction: emphasis on 
stenotic factors and manipulative treatment. J Manipulative Phvsiol Ther 
1987; 1 0(6):287—294. Copyright, the National College of Chiropractic, 
1987.) 




Figure 3.26. Schematic showing das the disc bulge measured in mil¬ 
limeters and B as the sagittal vertebral canal diameter in millimeters. A /B, 
percentage of vertebral canal occupied by the disc protrusion. (Reprinted 
with permission from Cox JM, Aspegren DD. A hypothesis introducing 
a new calculation for discal reduction: emphasis on stenotic factors and 
manipulative treatment. J Manipulative Physiol Ther 1987; 10(6):287— 
294. Copyright, the National College of Chiropractic, 1987.) 


each of the three CTs (Figs. 3.27—3.38) were then averaged for 
each date (Table 3.1). The sagittal diameter of the spinal canal 
may be measured on CT with cursors placed on the posterior 
surface of the vertebral body and the anterior surface of the 
lamina. 

In January 1985, the three percentages averaged 40.6%. 
The June 1985 slices, done prior to the initiation of therapy, 
had increased to 48.0%, whereas in August 1985, after therapy 
and relief of symptoms, a marked reduction in the average disc- 
canal percentage was demonstrated at 34%. 

In our case presentation, the patient had a sagittal L5 verte¬ 
bral canal of 18 mm with the L5 body being 38 mm. This was a 
2:1 ratio (85, 86) of body to canal, although the canal was well 
above accepted stenotic levels of 1 2 mm (85, 87—91). Our pa¬ 
tient did not have vertebral canal stenosis by Eisenstein’s mea¬ 
surement (85, 91—96). Some facet arthrosis was present, but not 


hypertrophic lateral recess changes. We did have disc protrusion 
dimensions as reported in Figures 3.27—3.38. We saw that a 
14% reduction in disc protrusion size gave complete relief. 

We know that the disc protrusion was far from complete, 
and that the size of the canal and dural sac did not change nor 
did the facet hypertrophy reduce. A conclusion is that the disc 
reduction lowered the nerve root pressure below threshold 
pressure for pain production. 

The disc tissue bulge is importantly measured by this disc- 
canal percentage, which can give an idea of disc increase, de¬ 
crease, or maintenance of size. Other plain film measurements 
for stenosis of the bony canal are well documented for accuracy 
(85—90, 93, 97—100). No one has offered measurements of 


Table 3.1 


Disc Protrusion Measurements 


Gantry 


Angulation 

January 9 

June 5 

August 23 


2.1 

5 


3.1 

3rd angled gantry 

— = 42% 

5 

10 

= 50% 

- = 34% 

9 


1.5 

4 


2.5 

2nd angled gantry 

-= 30% 

5 

8 

= 50% 

— = 36% 
7 


2 

4 


2 

1 st angled gantry 

- = 50% 

4 

9 

= 44% 

ON | 

II 

o x 

Average 

40.6% 


48% 

34% 


Reprinted with permission from Cox JM, Aspegren DD: A hypothesis 
introducing a new calculation for discal reduction: emphasis on stenotic 
factors and manipulative treatment, Journal of Manipulative and Physiological 
Therapeutics, vol 10, issue 6, pp 287—294, f by the National College of 
Chiropractic, 1987. 



Figure 3.27. Third angled gantry parallel to the L5—SI disc space. 
(Reprinted with permission from Cox JM, Aspegren DD. A hypothesis 
introducing a new calculation for discal reduction: emphasis on stenotic 
factors and manipulative treatment. J Manipulative Phvsiol Ther 
1 987; 10(6):287—294. Copyright, the National College of Chiropractic, 
1987.) 




Figure 3.28. January 9 disc bulge at L5—SI from Figure 3.27 gantry. 
(Reprinted with permission from Cox JM, Aspegren DD. A hypothesis 
introducing a new calculation lor discal reduction: emphasis on stenotic 
factors and manipulative treatment. J Manipulative Physiol Ther 1987; 
10(6):287—294. Copyright, theNational College ol Chiropractic, 1987.) 



Figure 3.29. June 5 disc bulge at L5—SI from Figure 3.27 gantry. 
(Reprinted with permission from Cox JM, Aspegren DD. A hypothesis in¬ 
troducing a new calculation for discal reduction: emphasis on stenotic fac- 
torsandmanipulativetreatment. J Manipulative PhvsiolTher 1 987; 10(6): 
287—294. Copyright, the National College of Chiropractic, 1 987.) 



Figure 3.30. August 2 3 disc bulge at L5—SI from Figure 3.27 gantry. 
(Reprinted with permission from Cox JM, Aspegren DD. A hypothesis 
introducing a new calculation for discal reduction: emphasis on stenotic 
factors and manipulative treatment. J Manipulative Phvsiol Ther 1987; 
10(6):287 294. Copyright, the National College of Chiropractic, 1987.) 


Figure 3.31. Second angled gantrv parallel to the L5—SI disc space. 
(Reprinted with permission from Cox JM, Aspegren DD. A hypothesis 
introducing a new calculation for discal reduction: emphasis on stenotic 
factors and manipulative treatment. J Manipulative Phvsiol Ther 1987; 
10(6): 287—294. Copyright, theNational College of Chiropractic, 1987.) 



Figure 3.32 . January 9 disc bulge at L5-S1 from Figure 3.31 gantry. 
(Reprinted with permission from Cox JM, Aspegren DD. A hypothesis 
introducing a new calculation for discal reduction: emphasis on stenotic 
factors and manipulative treatment. J Manipulative Phvsiol Ther 1987; 
10(6): 287—294. Copyright, the National College of Chiropractic, 1987.) 



Figure 3.33 . June 5 disc bulge at L5 SI from Figure 3.31 gantry. 
(Reprinted with permission from Cox JM, Aspegren DD. A hypothesis in¬ 
troducing a new calculation for discal reduction: emphasis on stenotic fac¬ 
tors and manipulative treatment. J Manipulative Phvsiol Ther 1987; 10(6): 
287—294. Copyright, the National College of Chiropractic, 1987.) 
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Figure 3.34. August 2 3 disc bulge at L5—SI f rom Figure 3.31 gantry. 
(Reprinted with permission from Cox J M, Aspcgren DD. A hypothesis 
introducing a new calculation for discal reduction: emphasis on stenotic 
factors and manipulative treatment. J Manipulative Phvsiol Ther 1987; 
10(6): 287—294. Copyright, the National College of Chiropractic, 1987.) 



Figure 3.35. First angled gantry parallel to the L5—SI disc space. 
(Reprinted with permission from Cox JM, Aspegren DD. A hypothesis 
introducing a new calculation f or discal reduction: emphasis on stenotic 
factors and manipulative treatment. J Manipulative Phvsiol Ther 1987; 
10(6): 287—294. Copyright, the National College of Chiropractic, 1987.) 


disc bulge size to monitor patient treatment progress. With the 
acceptance of mensuration procedures as outlined for stenosis 
of the canal, our CT measuring system is an extension of such 
methods. 

Need for measurement systems for stenosis has recently 
been shown by the work of Schonstrom et al. (101, 1 02) who 
introduced a new measurement for the transverse area of the 
dural sac on CT scan. They believed that bony measurements 
alone did not reliably identify patients with spinal stenosis, the 
dural sac transverse area being the most accurate method of 
identifying stenosis, with the critical size for the dural sac less 
than 1 00 mm. Further, they found the most common causes of 
spinal stenosis to be intervertebral disc and ligamentum flavum 
soft tissue encroachment as well as facet degeneration and hy¬ 


pertrophic changes (101). By careful manometric monitoring 
of highly pressure-sensitive catheters in the dural sac of seven 
spines removed at autopsy, Schonstrom et al. (102) found that 
circumferential restricting of the transverse area of the intact 
cauda equina at 60 to 80 mm caused a build-up of pressure in 
the dural sac. Once that critical size was reached, even a mini¬ 
mal further reduction of the area caused a distinct pressure in¬ 
crease among the nerve roots. 

The dural sac can tolerate a degree of compression above 
which additional pressure increases symptoms. The compres¬ 
sion of the cauda equina was most commonly due to inverte- 
bral disc protrusion or ligamentum flavum hypertrophy (101). 
W e can correlate our disc canal percentage reduction with re¬ 
lief of pain as possibly lowering the dural sac and nerve root 
pressure. 



Figure 3.36. January 9 disc bulge at L5—SI from Figure 3.35 gantry. 
(Reprinted with permission from Cox JM, Aspcgren DD. A hypothesis 
introducing a new calculation for discal reduction: emphasis on stenotic 
factors and manipulative treatment. J Manipulative Phvsiol Ther 1987; 
10(6): 287-294. Copyright, the National College of Chiropractic, 1987.) 



Figure 3.37. June 5 disc bulge at L5—SI from Figure 3.35 gantry. 
(Reprinted with permission from Cox JM, Aspcgren DD. A hypothesis 
introducing a new calculation lor discal reduction: emphasis on stenotic 
factors and manipulative treatment. J Manipulative Phvsiol Ther 1987; 
10(6): 287—294. Copyright, the National College of Chiropractic, 1987.) 
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Figure 3.38. August 2 3 disc bulge at L5—SI from Figure 3.35 gantry. 
(Reprinted with permission from Cox JM, Aspegren DL). A hypothesis 
introducing a new calculation for discal reduction: emphasis on stenotic 
factors and manipulative treatment. J Manipulative Physiol Thcr 1987; 

10(6): 287 294. Copyright, the National College of Chiropractic, 1987.) 

Documenting disc bulge reduction by the disc canal per¬ 
centage is one means of monitoring the stenotic effect of disc 
lesions. We have heard and read that the disc bulge remained 
following a given treatment. Yet not only total reduction but 
also partial reduction can bring pain relief. 

Conclusion 

Recognition of the need for investigation of disc herniation re¬ 
duction following conservative care is called for. Tcplick and 
I laskin (10 3) discuss 11 cases of spontaneous regression of her¬ 
niated lumbar disc on CT scan and call for further investigation 
of conservative treatment effects on disc herniation. Many oth¬ 
ers (104-122) have shown reduction of disc herniation on 
myelography, epidurography, or CT scan, or clinical relief 
when flexion-distraction manipulation, bracing in flexion, and 
hanging or upright gravity reduction systems are applied as 
therapy. Also, Naylor et al. (123), Gcrtzbein (124), Rydevik 
et al. (7), Elves et al. (12 5), and Eyre (1 26) inculpate the chem¬ 
ical irritations (radiculitis) of the nerve by discal biodegradation 
products as much as the mechanical irritation. Called the “au¬ 
toimmune mechanism involved with the inflammatory tissue 
reaction” seen around degenerative discs, this results in intra- 
neural edema and impaired intraneural microcirculation lead¬ 
ing to functional changes of motor and sensory deficits. 

This chapter off ers a CT measuring system to determine the 
percentage of the vertebral canal occupied by a disc bulge; 
changes in size of the disc herniation can be evaluated later by 
repeating the identical CT views. 

Stenosis is the problem within the vertebral canal leading to 
nerve root compression. Controversy exists over what is the 
most important factor in stenosis—the bony vertebral canal 
size or the dural sac area. Regardless, soft tissue stenosis by in¬ 
tervertebral disc protrusion, ligamentum flavum thickening, or 
facet degenerative change is involved, with further narrowing 


of the vertebral canal or intervertebral foramen and the resul¬ 
tant pressure increase in the dural sac or nerve roots. Depend¬ 
ing on the degree of developmental stenosis present, the 
amount of acquired stenosis becomes important. The person 
with pre-existing bony stenosis or a large dural sac may develop 
marked nerve root compression with minimal disc or soft tis¬ 
sue lesion, whereas someone with a large bony canal and small 
dural sac may have minimal or no sign of symptoms of nerve 
root compression when such acquired factors appear. 

A case was presented with a 14% reduction of a disc pro¬ 
trusion following chiropractic manipulation as measured on CT 
scans before and after care. Less than total disc herniation re¬ 
duction resulted in total relief of sciatica in this patient. 

Perhaps patients can tolerate a degree of nerve root com¬ 
pression by soft tissue encroachment, depending on the amount 
of developmental stenosis of the vertebral canal or the size of the 
dural sac; but if the pressure reaches sufficient levels, symptoms 
appear. Study in this area is important and it is progressing. 

WHAT HAPPENS WHEN A NERVE OR NERVE 
ROOT IS EXPOSED TO A HERNIATED DISC 
OR A NARROWING OF THE SPINAL CANAL? 

The answer to this question is not known to the complete 
satisfaction of most physicians. Exploration of this question is 
exciting. 

Spinal Nerve Root Changes Under 
Compression—A Chiropractic Paradigm of 
Nerve Root Compression Pathophysiology 

Chronic compressive spinal nerve root pathophysiologic 
changes were assessed in the lumbar spine of the adult dog. At 
1 month, thickening was seen of the dura mater and arachnoid 
membrane around the af fected nerve root corresponding to the 
alteration of the blood-nerve barrier in the nerve root. After 3 
months, large myelinated fibers decreased in number and small 
newly formed fibers increased in the periphery of the fascicle. 
At 6 months, endoneurial fibrosus and Wallerian degeneration 
of nerve fibers became obvious. Compound action potentials 
and sensory nerve conduction velocity decreased by 3 and 12 
months, respectively. Intraradicular edema caused by alteration 
of the blood-nerve barrier is the most important factor in the 
nerve root dysf unction caused by chronic compression (127). 

Embryologic Determination of Pain Locus 

When the dorsal root ganglion is irritated by any of a variety of 
mechanisms, pain is ref erred to the various structures inner¬ 
vated by that root. What determines pain distribution? 

The musculoskeletal system is derived from the embryonic 
mesoderm. The paraxial mesoderm condenses to form 42 
somites that run the entire length of the embryo, located adja¬ 
cent to the neural tube. The somite then differentiates to pro¬ 
duce a ventromedial portion (sclerotome) and a dorsolateral 
portion (dermomyotome) (128). 
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The vertebral bodies originate from the sclerotomes. An in¬ 
tervertebral disk develops between each vertebral body. The 
sinuvertebral nerve sends fibers to the intervertebral disk, pos¬ 
terior longitudinal ligament, anterior dura, and periosteum. 
Afferent autonomic sympathetic branches from the paraspinal 
ganglion and from the sympathetic chain also develop connec¬ 
tions to the sinuvertebral nerve. 

How is pain experienced (perceived) when these structures 
receive noxious stimuli in the adult? These fibers can be directly 
stimulated, as when a penetrating object comes in contact with 
the periosteum. Such stimulation results in a sensation that is 
dull and aching in quality, which can he associated with such 
constitutional manifestations of nausea, vomiting, sweating, 
and vasoconstriction, resulting in a “sickening feeling.” 

Myotomes form the muscle groups of the lower extremi¬ 
ties. The developing anterior primary ramus enters the my¬ 
otome, supplying the innervation to that segment. 

Differentiation of Myotomal, Sclerotomal, and 
Dermatomal Pain 

What differentiates pain experienced by the sclerotomal struc¬ 
tures from that derived from the myotomal structure? Both re¬ 
sult in a deep, dull, aching sensation. Myotomal pain, in con¬ 
trast, can he well localized, as in the acutely tender motor 
point, and it can he elicited by direct pressure. 

The mesoderm overlying the myotomes also receives sen¬ 
sory innervation from various peripheral nerves, giving rise to 
the dermatomes. These dermatomes lie directly beneath the 
skin and are formed by the sensory afferents located within the 
subcutaneous tissue and the dermis of the skin. 

If a nerve root is compressed, numbness and paresthesias are 
experienced. However, when the root is inflamed, pain is re¬ 
ferred to the portion of the limb innervated by that segment. 
Patients can present with severe leg pain in a “dermatome” pat¬ 
tern, negative tension signs, and little radiographic evidence of 
nerve compression (128). 

Corporotransverse and Lumbosacral Ligament 
Entrapment of Nerve Roots 

The corporotransverse ligament of 34 cadavers was found at¬ 
tached to the body and transverse process of the same vertebra. 
The ligament may entrap the exiting nerve root below it in ro¬ 
tary subluxation or in complete disk space loss. The lumbosacral 
ligament extends from the transverse process of L5 and the 
L5—SI disc to the sacral ala, forming the roof of the lumbosacral 
tunnel through which the L5 spinal nerve passes. This may be the 
site of extraforaminal entrapment if lateral disc herniations, os¬ 
teophytes or tumor metastasis are also present. The nerve sus¬ 
pensory ligament attaches to the nerve sheath and to the disk, and 
it is felt to be significant as a vehicle for mechanoreception (1 29). 

Ligamentous Nerve Root Fixation in the 
Vertebral Canal 

The anatomy of 54 pairs of lumbosacral nerve roots was de¬ 
scribed in nine fresh adult cadaver specimens, with particular 
attention given to the fixation of the nerve roots to sur¬ 


rounding skeletal and ligamentous structures in the lumbar 
spine. Dural ligaments were identified fixing the dura and 
nerve roots at their exit from the main dural sac to the pos¬ 
terior longitudinal ligament and vertebral body periosteum 
proximal to the intervertebral disc. Distal fixation occurs at 
the intervertebral foramen where the epineural sheath of the 
spinal nerve is attached. The overall arrangement is one that 
tends to hold the existing nerve root anteriorly in the spinal 
nerve (1 30). 

Mechanical analysis of this anatomic arrangement explains 
how pressure can be applied to the extrathecal nerve root by 
a disc protrusion without compression of the nerve root 
against the posterior elements. The possible role of the dural 
ligaments in the pathogenesis of the sciatica syndrome will be 
discussed. 

The extrathecal intraspinal lumbar nerve root is relatively 
fixed in the spinal canal. Because of this fixation, the extrathe¬ 
cal nerve root cannot easily slip away from a disc protrusion, 
whereas the nerve root lying freely in the thecal sac can. 

Trolard, in 1893, described and illustrated a “ligamentum 
sacral anterius durae matrin” as an anterior midline series of 
hands that fastened the dura to the posterior longitudinal liga¬ 
ment in the lower lumbar and sacral regions (1 30). Hofmann, 
in 1898, more extensively described several dural ligaments, 
including a “ligamenta anteriora dura matris” similar to Tro- 
lard’s earlier description (130). This anatomic arrangement 
means that traction forces applied to the lumbosacral nerves 
are resisted by the intervertebral foraminal attachments and 
the dura, in effect insulating the intrathecal nerve roots from 
the traction forces. A new finding is an additional attachment 
by a ligamentous hand running from the sheath of the ex¬ 
trathecal foramen. This ligamentous attachment may provide 
additional fixation of the nerve root to the spine distal to the 
intervertebral disc. 

We are therefore suggesting that when a contact force is 
present on the nerve root, tension forces are developed, with 
the f orces shared by the dural ligaments just proximal to the 
disc and the well-known foraminal attachments distal to the 
disc. Thus, traction f orces are exerted on the attachments of 
the dural ligaments (the posterior longitudinal ligament and 
vertebral periosteum) and on the pedicular periosteum and 
connective tissue at the foraminal exit of the spinal nerve. 
Thus, a disc protrusion is a necessary but not sufficient con¬ 
dition for a contact force to he exerted on the nerve root. 
The pressure distribution in the nerve root as a result of this 
contact force, which would determine the pattern of vascu¬ 
lar compromise of the nerve root, would depend on the con¬ 
tact area of force application, the tissue properties, and the 
particular geometric configurations involved. Simple me¬ 
chanical considerations also suggest that the dural ligaments 
are situated such that pressure exerted by the disc on the 
nerve root can he transmitted via these ligaments to the pos¬ 
terior longitudinal ligament and vertebral periosteum. These 
very structures have been shown previously to produce a 
characteristic component of sciatic pain when subjected to 
traction forces (130). 
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Furcal Nerve 

Attention must he paid to the furcal nerve when analyzing lum¬ 
bosacral radicular symptoms, especially when neurologic find¬ 
ings are atypical and the responsible level cannot be assessed 
(131). An anatomic and clinical study (131) of the furcal nerve 
showed the following: the furcal nerve was found in all dissec¬ 
tions, and it arises at the L4 root level in most dissections 
(93%); the furcal nerve has its own anterior and posterior root 
fibers and its own dorsal nerve root ganglion. This proves that 
the furcal nerve is an independent nerve root. Neurologic 
symptoms suggestive of two roots being involved are fre¬ 
quently due to furcal nerve compression. 

Neurologic symptoms implying involvement of two roots 
may be due to four causes. First, two roots may be compressed 
by a single lesion. Second, two lesions may be present. Third, 
an anomaly of root emergence may be present with two nerve 
roots emerging through the same foramen. Finally, the furcal 
nerve may be involved. When a single nerve root block pro¬ 
duces motor weakness and sensory deficits in two nerve root 
areas, and when the other three possibilities are not demon¬ 
strated by the myelographic findings, the furcal nerve should be 
examined (1 31). 

Fibrous Membrane Anterior to Posterior 
Longitudinal Ligament 

A fibrous membrane lies anterior to and attaches to the poste¬ 
rior longitudinal ligament. This membrane has about one 
fourth the toughness of the dura, and it is made up largely of 
fibrous tissue. The veins of Batson lie on its dorsal surface, 
piercing it, and going ventral to this membrane and enter the 
vertebral body. Batson’s plexus crosses the disc space. Hof¬ 
mann’s ligament anterior to the dura attaches the dura to the 
posterior longitudinal ligament. The posterior longitudinal 
ligament (PL,L) is tough and strong and seldom ruptures. The 
anulus frequently ruptures with subligamentous nuclear her¬ 
niations beneath. No periosteum is found inside the vertebral 
canal (1 32). 


New Blood Vessels in Extruded Disc Material 

Extruded disc tissue develops new blood vessels, which may act 
as an irritant or help dehydrate disc mass (13 3) (Fig. 3.39). 

Lateral Discs Leak Plasma Protein from Nerve Root 
into CSF 

In one study, 14 3 patients were evaluated by myelography with 
regard to involvement of the dural sac and the nerve root. A 
medial disc herniation group (20 patients) with evidence of 
dural sac impingement was compared with a lateral disc herni¬ 
ation group (63 patients) and an extreme lateral group (9 pa¬ 
tients) whose condition primarily affected the nerve root. The 
remaining 5 1 patients comprised a mixed group with involve¬ 
ment of both the dural sac and the nerve root. In the mean cere¬ 
brospinal fluid:serum albumin ratio, cerebrospinal fluid total 
proteins showed a significantly increasing trend from the me¬ 
dial through the lateral to the extreme lateral groups. Patients 
with lateral lumbar disc herniations more often showed neuro¬ 
logic deficits. These results indicate that the elevated cere¬ 
brospinal fluid total protein found in the patients with sciatica 
is caused by leaking of plasma proteins primarily from the nerve 
root into the cerebrospinal fluid (1 34). 

Two Theories On Referred Pain 

Two current theories of referred pain are proposed: conver¬ 
gence-facilitation and convergence-projection. 

Convergence-facilitation finds continuous af ferent impulses 
are normally coming in from cutaneous receptors but are in¬ 
sufficient to excite the spinothalamic tract (STT) cell bodies. 
Another nociceptive impulse from another af ferent fiber (e.g., 
an anular tear stimulating the sinuvertebral nerve) synapses on 
the same STT cell, which then facilitates excitation that results 
in the ref erral of pain to the region of cutaneous sensation. 

The convergence-projection theory of ref erred pain finds af¬ 
ferent axons from two different regions synapse on the same 
STT cells that receive their primary input from other struc¬ 
tures. For example, a primary STT cell receives dermatomal 




A B 

Figu re 3.39. Origin of capillaries in extruded tissues of prolapse type of herniation. A. Capillaries ex¬ 
truded with intervertebral disc tissue. B. Capillaries newly formed after extrusion from intervertebral disc. 
(Reprinted with permission from YasumaT, Arai K, Yamauchi Y. The histology of lumbar intervertebral disc 
herniation: the significance of small blood vessels in the extruded tissue. Spine 1993; 1 8(1 3): 1761 — 1765. 
Copyright 1993, Lippincott-Raven.) 
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information from cutaneous receptors, but also receives sen¬ 
sory input from the sclerotomal (as from the anulus) and my- 
otomal component. Once stimulated, the STT cell projects the 
information to the thalamus and sensory cortex through the an¬ 
terolateral tract, and this pain stimulus is perceived as arising 
from one structure. Experimental evidence indicates that many 
STT cells in the spinal cord receive muscle input in addition to 
cutaneous input (128). 


THE SPINAL CORD: ACTIVE PROCESSOR, 

NOT PASSIVE TRANSMITTER OF IMPULSES 

The long accepted basic notion has been that the spinal cord is 
fundamentally a passive transmitter of information to and from 
the brain and the body. It is now becoming increasingly evi¬ 
dent, however, that the spinal cord is anything but a passive set 
ofneuronsthat simply receive and transmit sensations from the 
body to the brain and messages from the brain to the body 
through reflex systems. Instead, a complex group of several 
processes can occur in the pathways of the spinal cord to alter 
the transmission of information, and these alterations can vary 
from short to relatively permanent changes in neural charac¬ 
teristics (135). 


Nociceptor Activity Is Six Times Greater in 
Inflamed Joints Than in Normal Joints 

A model of arthritis in the cat knee joint shows that the inflam¬ 
mation leads to remarkable changes in the characteristics of the 
nociceptive receptors in the infl amed area. In the normal joint, 
approximately 400 nociceptors are activated by even severe 
stimuli to the joint. When inflammation is induced in the joint, 
the number of nociceptors activated by the same stimuli in¬ 
creases dramatically, often showing a sixfold or greater in¬ 
crease (135). 


Fixation of Spinal Cord Activity 

Fixation is a form of long-term alteration of spinal excitability 
that was first studied by DiGiorgio in 1929. It was first pro¬ 
duced in an anesthetized mammalian preparation in which a le¬ 
sion of one or more cerebellar nuclei resulted in a hindlimb 
flexion. When the hind limb was left in the flexed position for 
3 to 4 hours, subsequent transection of the spinal cord resulted 
not in the expected flaccid paralysis of the limb, but in a reten¬ 
tion of an active flexion. This unexpected retention of flexion 
was termed “fixation” due to the apparent “setting in” or “fixat¬ 
ing” of the activity within the spinal cord. The fixation appar¬ 
ently created a spontaneously active focus of spinal neural ac¬ 
tivity that maintained the leg muscle contraction. The minimal 
time (fixation time) necessary for fixation to be established in 
the rat cord was about 45 minutes between introducing the 
cerebellar lesion and spinal transection. 

In the early 1980s, a series of studies examining the fi xation 
phenomenon found that retention of leg flexion could be in¬ 


duced not only by a cerebellar lesion, but by direct electrical 
stimulation of leg skin. The stimulation produced a tight flex¬ 
ion that lasted after the stimulus was terminated. This result 
could be shown in rats that had been spinalized prior to the 
stimulation, as well as in intact animals (135). 

A long-lasting increase i n the excitability o f the spinal reflex 
showed that the alterations being observed were indeed within 
the spinal cord not due to sensory alterations or muscle con¬ 
tractures. The amount of fixation can be influenced by factors 
such as physical exertion and stress (fixation increases with 
stress), and by prior stimulation to the limb (decreasing with 
less intense prior stimulation and not with intense prior stimu¬ 
lation). 

Reflex changes of fixation can b e seen with as few as 2 0 min¬ 
utes of stimulation when the stimulus is sufficiently strong. 
Thus, fixation depends not only on time, but on stimulus 
strength. 

Relatively short inputs to the spinal cord can produce long- 
lasting alterations in the excitability of the spinal reflexes that 
do not depend on higher brain structures and are sufficiently 
robust to outlast days of intervening activity. The neurons of 
the spinal cord undergo a massive increase in excitability as a 
result of the increased af ferent inputs. Studies of fixation and 
inflammation have indicated that abnormal inputs can alter the 
excitability of spinal reflex circuits for long periods, and per¬ 
haps permanently (135). 


Double Crush Syndrome Increases Nerve Susceptibility 
to Symptoms 

It is hypothesized that pathologic changes at one point along a 
nerve render it more vulnerable to injury at other locations. 
This concept was formalized in 1973 by Upton and McComas 
who coined the term “double crush syndrome” to describe the 
hypothesis that proximal compression of the nerve might have 
lessened its ability to withstand a more distal compression 
(136). By this mechanism it has been suggested that two le¬ 
sions, each of which would be asymptomatic by itself , could re¬ 
sult in clinical symptoms. 

The ef fects of subacute nerve compression on dog sciatic 
nerve were studied by producing a compressive injury by way 
of a 2-cm long calibrated clamp that generated 27.6 mm Hg 
pressure. The clamps were applied either singly or at two 
places along the canine sciatic nerve. In those animals with a 
single compressive site, no “complete blocks” were noted elec- 
trophysiologically. Histologic evaluation revealed a loss of 
large myelinated fibers at the site of nerve compression. In an¬ 
imals with two clamps placed sequentially along the sciatic 
nerve, 10 of 17 nerves showed complete electrophysiologic 
nerve conduction block. The loss of myelinated fibers was 
greater in the group with sequential lesions than in those with 
single lesions. It was concluded that “loss of nerve function af¬ 
ter a double lesion was greater than the sum of the deficits af¬ 
ter each separate lesion” (1 36). 

Forty-three patients with carpal tunnel syndrome were 
compared radiologically with 43 age- and sex-matched control 
patients. No significant difference in the prevalence of cervical 
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intervertebral disc degeneration or intraforaminal osteophyte 
protrusion was noted. The carpal tunnel syndrome patients had 
a significantly higher incidence of lateral humeral epicondylitis, 
and they also tended to have significantly smaller vertebral 
canals and relatively short intervertebral discs (when vertebral 
body height was compared) in the midcervical area. It was felt 
that these findings in the cervical spine may indicate connective 
tissue changes that could predispose to more distal injury. 
From the current experimental data, it is safe to say that two 
experimental lesions along the course of the nerve have greater 
effects than a single lesion (1 36). Chiropractors are keenly 
aware of this concept, as for example in the patient with carpal 
tunnel compression syndrome and a cervical disc herniation. 
Sufficient relief of one of the compressions results in the symp¬ 
toms disappearing. 

REFLEX SYMPATHETIC DYSTROPHY 
(COMPLEX REGIONAL PAIN SYNDROME) 

Reflex sympathetic dystrophy (RSD) is a syndrome in which 
pain affects the extremities, and it is associated with loss of 
function and autonomic dysfunction. RSD occurs most fre¬ 
quently in the upper extremity, especially the hand, but the 
lower extremity (knee and ankle) may also be involved (1 37). 
A fairly common complaint of unknown origin, RSD is pri¬ 
marily a neurovascular pain complex that most frequently af¬ 
fects the limbs. The syndrome is typically characterized by 
burning pain, hyperesthesia, swelling, hyperhidrosis, and tro¬ 
phic changes of the involved tissues. These disorders are often 
misdiagnosed, improperly treated, or both, and patients are 
subjected to a prolonged and some with permanent disability. 

Diagnosis 

The four cardinal signs of RSD are pain, swelling, discoloration 
(redness or pallor), and joint stiffness (1 37). 

Stages 

Symptoms of RSD begin with a gradual, insidious onset occur¬ 
ring over a period of days to weeks. Disease progresses in three 
stages, each typically lasting 6 months. The first or acute stage 
is present from onset to 3 to 6 months. It is characterized by 
edema, early cyanosis that progresses to erythema (localized to 
metacarpal and interphalangeal joints), hyperhidrosis, and os¬ 
teopenia. Fain is severe. 

The second, or subacute, stage follows the first stage, ap¬ 
pearing 3 to 6 months after onset and lasting up to 12 months. 
It is characterized by chronic burning or aching pain, which 
may be less severe than that seen in the first stage. Motion be¬ 
comes significantly limited. Periarticular fibrosus and brawny 
thickening result from chronic edema. 

The third, or chronic stage can last for several years. The 
skin becomes shiny, pale, dry and cool. Progression of stiff¬ 
ness produces fixed joint deformities. Osteopenia becomes 
severe (1 37). 


Clinical Entities 

Five clinically recognizable entities are found in RSD, each with 
a distinct precipitant and prognosis: minor causalgia (sensory 
nerve injury); major causalgia (mixed nerve injury); minor 
traumatic dystrophy (laceration or minor crush); major trau¬ 
matic dystrophy (fracture or severe trauma); and shoulder- 
hand syndrome are reported (1 38). 

Pathogenesis 

Pathogenesis of RSD remains controversial. Most investigators 
suggest an abnormality of the central or peripheral autonomic 
nervous system. Several authors suggest a psychiatric cause or 
predisposition in patients who are “sympathetic hyper reac¬ 
tors,” who are emotionally labile, or who have a dependent 
personality with a low pain threshold (138). 

What Causes RSD? 

Reflex sympathetic dystrophy is caused by: 

• A traumatic or acquired painful lesion 

• An underlying predisposition (diathesis) 

• An abnormal autonomic reflex 

According to one hypothesis, the abnormal sympathetic re¬ 
flex associated with RSD produces inappropriate vasoconstric¬ 
tion. This leads to ischemia and pain, triggering the pain reflex 
cycle. Substance P is the neurotransmitter for noxious stimuli. 
Increased pain levels of SP may in turn compound the pain and 
perpetuate a vicious cycle (1 37). 

RSD Now Termed "Complex Regional 
Pain Syndrome" 

Nerve damage and even minor trauma can lead to a disturbance 
in sympathetic activity that leads to a sustained condition 
termed a “complex regional pain syndrome,” the term that now 
replaces the term “reflex sympathetic dystrophy.” This results 
in sympathetic dysf unction features of vasomotor and sudomo- 
tor changes, abnormalities of hair and nail growth, osteoporo¬ 
sis, and sensory symptoms of spontaneous burning pain, hy¬ 
peralgesia, and allodynia. The dorsal root ganglion becomes 
innervated by sympathetic ef ferent terminals (1 39). 

Treatment 

The most commonly used treatment techniques are injections 
of lidocaine hydrochloride or some other anesthetic agent that 
would block the free nerve endings. An anesthetic agent is in¬ 
jected into the limb for up to 15 minutes, after which the 
tourniquet is removed. Paravertebral sympathetic ganglionec- 
tomy has proved to be an effective procedure with success rates 
of up to 87% (140). 

When working with the upper extremity it is the stellate 
ganglion that is usually the target of treatment. Along with pain 
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relief from the stellate block, physical therapy using cool packs 
and active range of motion exercises is often recommended. 

One female patient was treated by chiropractic adjustments 
and electroacupuncture in lieu of more invasive allopathic 
treatments such as stellate ganglion blocks. The successful con¬ 
clusion of this case suggests that RSD may present one area in 
which allopathic and chiropractic physicians could collaborate 
in their pain management efforts (140). 

Physical Therapy 

Physical therapy is the bedrock of RSD management. Massage, 
desensitization, and gentle active motion exercises are com¬ 
bined with splinting to reduce joint stiffness and pain. Elevation 
and compression gloves are used to reduce swelling (137). The 
goal of physical therapy is to counteract the clinical changes 
seen. Hot/cold treatments, massage, and transcutaneous nerve 
stimulation are aimed at desensitization. Painful passive range 
of motion should be avoided as this may exacerbate the painful 
cycle (1 38). 

Other Treatments 

The medical treatment of RSD is controversial. Vasodilators 
should be used if vasospasm is present. The use of beta-blockers 
such as propranolol has been advocated by some. Tranquilizers 
may help decrease anxiety. The efficacy of nonsteroidal anti¬ 
inflammatory drugs and steroids has yet to be proved. Somatic 
nerve blockade may be helpful for well-localized lesions. Sym¬ 
pathetic blockade is a useful diagnostic and therapeutic tool. 
The middle and lower stellate ganglia are blocked in RSD of the 
upper extremity, whereas the sympathetic chain at the level of 
L2 and L3 is blocked in RSD of the lower extremity (138). 
Bupivacaine (0.25%) is the blocking agent (1 37). 

Adjustments Seem To Alter Spinal Fixation Input 

Adjustment therapies to reduce motion restrictions, increase 
proper fluid infusion, and decrease nociceptive inputs to the 
spinal cord seem to be effective in decreasing the hyperex- 
citable central state that leads to further alterations in spinal 
function (135). 

Conservative treatment i s not a s encouraging a s indicated in 
the literature. Nine of 10 patients contacted more than 5 years 
after diagnosis reported a worsening of symptoms (56%) and 
that their condition negatively affected their activities of daily 
living (78%). Of those who were employed prior to diagnosis, 
67% reported a job change or unemployment directly related 
to the disease (1 38). 

NERVE REGENERATION FACTORS 
Time 

Lumbar nerve roots regenerate as a function of time. Wistar 
rats were studied and found that following compression of the 
L5, L6, SI, and S2 nerve roots with a force of 1 N for 1 hour, 
and then followed for 1 2 weeks to study the histomorpho- 
metric and biochemical changes at autopsy, the sciatic nerve 


showed significant decrease in myelination and a relative in¬ 
crease in small nerve libers. The collagen content in the nerve 
distal to the compression increased. Regeneration of the dam¬ 
aged nerve roots took place in 12 weeks with long-term 
changes in myelination and increase of collagen content in the 
dependent nerve areas (141). 

Sectioning of the L4 nerve in 9-week-old male rats showed 
that partial denervation produced nearly total denervation with 
significant, but incomplete recovery of muscle weight and ten¬ 
sion with recovery occurring between the second and eight 
week post-L4 nerve sectioning (142). 

Dorsiflexion Weakness Improves After Surgery 

The incidence of pronounced extensor hallucis longus paresis in 
lumbar nerve root compression varied between 5 to 11%. Re¬ 
covery after surgery was common in disc herniation and lateral 
spinal stenosis but did not occur in central stenosis. Complete 
recovery was most common in disc herniation, and recovery oc¬ 
curred mainly in the first 4 months after surgery (143). 

Sciatic Neuropathy Heal Time Is Up to 3 Years 

Good but incomplete recovery occurs over 2 to 3 years in most 
patients with sciatic neuropathy, particularly in those without 
severe motor axonal loss. 

Although only about 10% of the patients have moderate re¬ 
covery of motor function within the first 6 months, 75% do by 
3 years. Slow recovery is expected, because significant axonal 
loss is frequently present and because reinnervation of muscles 
below the knee is delayed because of the long distance between 
the injury site and the target muscles. Patients should be cau¬ 
tioned about falsely elevated expectations for significant recov¬ 
ery within the first year. Nerve regeneration usually continues 
for the first 3 years and most patients eventually have function¬ 
ally significant improvement. The prognosis for moderate or 
excellent recovery depends on the presence or absence of the 
extensor digitorum brevis compound muscle action potential 
and the initial strength of the gastrocnemius and tibialis ante¬ 
rior (144). 

Muscle Recruitment Necessary in Denervated 
Muscle Atrophy 

Following lesions of peripheral motor nerves, electrical stimu¬ 
lation of denervated muscle is often recommended. This is to 
replace the nerve function and elicit the contractile activity of 
the denervated muscle through the recruitment of the muscle 
fiber itself. Contraction of denervated muscle induced by elec¬ 
trical stimulation prevents the loss of oxidative enzymes and 
the atrophy associated with denervation. It is thus important to 
start treatment as soon as possible, because whatever has been 
lost through delay cannot be regained. The beneficial effects of 
electrical stimulation must be associated with the reduction in 
muscle wasting and the maintenance of the contractile proper¬ 
ties of the muscle and not to an effect on nerve regeneration. It 
is crucial to maintain viable muscle tissue to provide a good tar¬ 
get for the regenerating nerve and, thus, reduce the rehabilita¬ 
tion time and increase the chances of complete recovery (145). 
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PELVIC PAIN AND DISEASE CORRELATED 
WITH NERVE COMPRESSION 

Pelvic Organ Neurophysiology 

Pelvic organs are innervated by the pelvic (parasympathetic), 
hypogastric (sympathetic) and pudendal (somatic) nerves. 
Stimulation of the pelvic nerve causes contraction of the blad¬ 
der detrusor muscle whereas hypogastric nerve stimulation in¬ 
duces a weak bladder contraction and a stronger contraction of 
the bladder neck. The external striated sphincter and the pelvic 
floor musculature are innervated by somatic fibers from S2 and 
S3 that traverse the pudendal nerve. 

Pelvic regional blood flow shows a fourfold increase in the 
bladder neck area during neurostimulation. Pudendal nerve 
stimulation reveals an intraurethral pressure increase with a 3.5 
times increase of blood flow in the sphincteric area and in the 
pelvic floor musculature (146). 

Interstitial Cystitis and L5 Nerve 
Root Compression 

Interstitial cystitis is a chronic condition caused by inflam¬ 
mation of the interstitium between the bladder muscle and 
bladder lining. It is exacerbated by a variety of agents, in¬ 
cluding certain drugs, hormones, and viruses. Generally, 
bacteria are not present in the bladder of such patients. In¬ 
terstitial cystitis is progressive and exhibits a wide range of 
symptom manifestations. In its early stages, urinary fre¬ 
quency without bacterial inf ection may be all that is noted. 
In severe cases, the bladder is ulcerated and scarred. Eventu¬ 
ally it may shrink and hold only 1 to 2 ounces of urine. In 
every case, sensitive tissue is continuously exposed to an acid 
burn from urine. As a result, it is painful to hold urine but 
not to urinate (147). 

It is postulated that low back problems are a leading cause 
of urinary tract infections in women. Although this fact has 
been demonstrated since 1957, it is rarely addressed, and few 
physicians have studied the relationship in detail. 

When evaluated with an MRI, patients with interstitial cys¬ 
titis are often found to have abnormalities of the fourth and fifth 
lumbar vertebrae and occasionally lumbarization of the first 
sacral vertebra. Bladder dysfunction without pelvic pain is seen 
with compression of the L4 nerve root, whereas frequency and 
pain before and after voiding are consistently associated with 
nerve root compression which appears to cause urologic dys¬ 
function (147). 

Typically, pelvic pain and bladder symptoms far outweigh 
any leg or back pain. Some deny they would have sought chi¬ 
ropractic treatment for these complaints. In addition to the 
MRI, patients are also screened with a uroflow, a noninvasive 
study that demonstrates the flow pattern during voiding. When 
the uroflow patterns are correlated with an MRI, certain iden¬ 
tifiable patterns are directly related to compression of L4 or L5 
nerve roots. For example, the pattern created by abdominal 
strain to void corresponds with L4 nerve root compression, 


whereas the pattern created by delayed relaxation of the pelvic 
floor indicates compression of L5 (147). 

Chiropractic Treatment and Results in 
Interstitial Cystitis 

Patients were ref erred to a chiropractor for flexion-distraction 
manipulation and myofascial therapy along the thoracic spine, 
lumbar spine, and buttocks. Daily low back exercises empha¬ 
sizing strength, coordination, and flexibility and aerobic exer¬ 
cise three times a week (e.g., fast walking, biking, or swim¬ 
ming) were suggested. 

Without formal research, positive changes after 4 to 6 
weeks of chiropractic treatment were seen. Follow-up uroflow 
studies and bladder scans have shown that in many cases the pa¬ 
tient’s uroflow and urine retention normalized. 

These results should come a s n o surprise t o chiropractors who 
have always supported the concept that mechanical disorders of 
spinal origin could induce organic dysf unction and who have long 
observed that manipulation results in relief of pain for many pa¬ 
tients suf fering from chronic back pain. The use of flexion dis¬ 
traction therapy may open new possibilities for the management 
of interstitial cystitis and dysfunctional bladder patients (147). 

Polk (148) reports that 70,000 of the 650,000 hysterec¬ 
tomies performed each year are done because of pelvic pain 
(149), and 20 to 50% of these patients fail to achieve their goal 
of pain relief (150). Gillespie et al. (151) researched the possi¬ 
ble link between spine-related disorders and pelvic pain and 
bladder dysfunction and found 73% of 200 women with inter¬ 
stitial cystitis had abnormalities involving the fourth and fifth 
lumbar vertebrae (152). Polk, a chiropractor, received 50 in¬ 
terstitial cystitis patients at Gillespie’s referral for distraction 
manipulation of the lumbar spine, Kegel exercises, low back 
exercises, and aerobic exercise. Repeat uroflow was performed 
after 4 to 6 weeks of this care. Most patients expressed satis¬ 
faction with chiropractic care and admitted that they would 
never have sought it without a urologist’s referral (148). 

Histories ofpelvic problems have included pelvic pain, blad¬ 
der dysfunction, recurring bladder infections, burning in the 
pelvis, painful bladder, constant low back, hip and buttock 
pain, and painful intercourse followed by bladder infection. 

Urinary Incontinence Linked with Low 
Back Pain 

A rare association between severe low back pain and urgency 
incontinence of urine, not explained on the basis of any con¬ 
ventional neurologic or genitourinary pathology, should be 
recognized and a search made for neurologic mechanisms to 
explain the phenomenon. Urinary bladder dysfunction is re¬ 
ported in patients with confirmed disc herniations without 
nerve root compression (15 3). 

One explanation is the production of a parasympathetic dis¬ 
charge stimulated by pain neuropeptides acting directly on the 
S 2, 3,4 nerve plexus, resulting in detrusor contraction or blad¬ 
der neck relaxation. The S2, 3,4 pudendal nerve, on the other 
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hand, motorizes the external urethral sphincter and mediates 
sensation from much of the perineum. If it is overridden by the 
parasympathetic discharge, this could explain the flooding 
complained of by a few patients, and furthermore explain the 
reduced perineal sensation found in most patients. 

The nature of the relationship between the experience of 
pain and the reduced sensation in the perineum remains ob¬ 
scure. The patient with chronic low back pain and urinary in¬ 
continence in the absence of a cauda equina compression should 
not be additionally burdened with the pejorative label of “inap¬ 
propriate” symptomatology. The association may be real even 
if as yet it is unexplained (15 3). 

Bladder Dysfunction Is Relieved Following 
Decompressive Laminectomy in the Elderly 

Elderly patients with lumbar spinal stenosis often manifest 
varying degrees of bladder dysfunction, which benefits from 
lumbar decompressive laminectomy (1 54). 

Testalgia Caused by Thoracolumbar Dysfunction and 
Relieved by Manipulation 

Ten men aged 30 to 55 years suffering from long-term unilat¬ 
eral testalgia revealed a unilateral thoracolumbar dysfunction in 
all cases. Nine of the patients experienced spasms of the psoas 
muscle; five men also had dysfunction of the sacroiliac joint on 
the same side. After a single or repeated manipulation, testal¬ 
gia completely disappeared. The dysfunction of the thora¬ 
columbar junction was found in all cases (100%), spasm of the 
psoas muscle on the same side in nine cases (90%), and dys¬ 
function of the sacroiliac joint in the direction of the side of pain 
in five cases (50%) (155). 

Abdominal or Flank Pain May Be Spinal in Origin 

Thoracic pain mimicking musculoskeletal disorders is sometimes 
related to visceral diseases such as gastroduodenal ulcer, pancre¬ 


atitis, or aortic dissection. Inversely, abdominal or flank pain 
may be due to rib or spine disorders. Costovertebral arthrop¬ 
athies are anatomically frequent, particularly during ankylosing 
spondylosis and osteoarthrosis (1 56). 

Interspinous Ligament Irritation Causes Cardiovascular 
Changes 

Wistar rats had the interspinous ligaments stimulated by nox¬ 
ious chemicals, which caused a pronounced elevation of mean 
arterial pressure and a prolonged depression of sciatic nerve 
blood flow (157). 

Treatment of Pelvic Dysfunction with 
Flexion-Distraction Manipulation 

The mechanically induced pelvic pain and organic dysfunc¬ 
tion syndrome (PPOD), which is characterized by various 
disturbances in pelvic organ function, has been successfully 
managed by chiropractic distractive decompressive manipu¬ 
lative procedures. Patients who present with symptoms of 
bladder, bowel, gynecologic, and sexual dysfunction sec¬ 
ondary to the impairment of lower sacral nerve root function 
as a result of a mechanical disorder of the low back were 
treated (158). 

Two Types of PPOD (Table 3.2) 

Type I PPOD Patient: These patients present with low back 
and/or leg pain in addition to pelvic pain and either no changes 
in pelvic organic function or relatively mild disturbances of 
bladder, bowel, gynecologic, or sexual function. 

Type II PPOD Patient: These patients present predomi¬ 
nantly with symptoms of pelvic organic dysfunction. They gen¬ 
erally complain of low back and/or leg pain and more severe 
and widespread symptoms of pelvic pain and pelvic organic 
dysfunction (Table 3.2) (158, 1 59). 


Symptoms of Mechanically Induced PPOD 

Pelvic Pain Bladder Dysfunction Bowel Dysfunction 

■MP Table 3.2 

Gynecologic/Sexual Dysfunction 

Inguinal 

Frequency 

Constipation 

Miscarriage 

Suprapubic 

Urgency 

Diarrhea 

Vaginal discharge 

Para-anal 

Dribbling 

Excessive flatus 

Vaginal spotting 

Coccygeal 

Incontinence 

Anal sphincter spasm 

Painful/irregular menstruation 

Rectal 

Difficulty 

Encopresis 

Menstrual migraine 


Sluggishness 

Mucorrhea 

Decreased genital sensitivity 


Retention 

Loss of rectal sensory perception 

Decrease or loss of orgasm 


Nocturia 

Spontaneous bowel discharge 

Dyspareunia 


Dysuria 


Genital pain/paresthesias 


Infection 


Pelvic pain on orgasm 


Enuresis 


Deficient (pre)coital lubrication 


Loss of vesical 


Depressed libido 


sensory perception 


Impotence 
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Chronic Pelvic Pain 

Chronic pelvic pain is continuous or episodic pain that persists 
for at least 6 months and is severe enough to affect a woman’s 
daily functioning and relationships. A 5% risk of developing it 
exists for the lifetime of a woman. Musculoskeletal causes of it 
can include coccydynia, disc problems, degenerative joint dis¬ 
ease, fibromyositis, hernias, herpes zoster (shingles), low back 
pain, levator ani syndrome (spasm of the pelvic floor), myofas¬ 
cial pain (trigger points, spasm), nerve entrapment syndromes, 
osteoporosis (fractures), pain posture, scoliosis/lordosis/ 
kyphosis, and strains/sprains (160). 

The chiropractic profession has a historical inter¬ 
est and ability in treating visceral diseases with 
spinal adjustments intended to reduce nerve root 
compromise. Validation by studies just cited pave 
the future study of such nervous system-induced 
malfunctions as a cause of visceral diseases. This is a 
thought-provoking end to this neurophysiology 
chapter. 
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Security is mostly a superstition. It does not exist in nature , nor do 
the children of men as a whole experience it. Avoiding danger is no 
sajer in the long run than outright exposure. Life is either a daring 
adventure or nothing. 

—Helen Keller 


chapter 


STENOSIS 

Stenosis is an abnormal narrowing of the bony or ligamentous 
structures of the vertebral canal (1). The incidence of lumbar 
spinal stenosis has been reported to be 50 per 1 million inhab¬ 
itants annually with 17 patients per 1 million inhabitants oper¬ 
ated on for stenosis annually. Neurologic problems are not 
prevalent and few emergency cases are seen (2). 

Classification 

I. Congenital 

A. Achondroplasia 

B. Developmental—here the central canal is narrowed in 
both the sagittal and lateral dimensions (3). Short pedi¬ 
cles and overdeveloped lamina can cause the narrow- 
ing. 

II. Acquired stenosis (degenerative) 

A. Thickened, irregular laminae (4) 

B. Ligamentum flavum hypertrophy (5) a 

C. Soft tissue hypertrophy—from mechanical instability 
and degenerative disease (6) a 

D. Posterior articular joint disease 

E. Trefoil configuration 

F. Intervertebral disc protrusion 

G. Spondylolisthesis—with forward L5 displacement on 
the sacrum, the fifth lumbar nerve root may be kinked 
around the lower border of the pedicle or compressed 
by degenerative changes occurring between the pedi¬ 
cle and the upper sacral border (3) a 

H. Posterior intervertebral body plate hypertrophic os¬ 
teophytes in the foramina 


I. Narrowing of lateral recess by hypertrophic articular 
processes 

III. Iatrogenic stenosis 

Iatrogenic stenosis occurs with excessive stress placed on 
a motion segment above a level of spinal fusion ( 1).° The in- 
terspinous ligament and ligamentum flavum become thick¬ 
ened, the spinous process base projects into the canal, and the 
laminae protrude ventrally. Bone may proliferate under the 
fused area, with thickening of the laminae and ligamentum 
flava associated with bulging of the posterior articular 
process. Disc herniation is common in both sets of circum¬ 
stances. 

Laminectomy and discectomy can also cause progressive de¬ 
terioration of the intervertebral disc, with consequent migra¬ 
tion of the superior articular process and continued degenera¬ 
tive changes. Scar formation at the operative site can contribute 
to local stenosis (6). 

IV. Foraminal (lateral recess) stenosis 

Trauma or recurrent inflammation leads to hypertrophy and 
intrusion of the superior facet into the lateral recess (8). 

Figure 4.1 shows the various diameters of the vertebral 
canal. The lateral recess is bordered anteriorly by the vertebral 
body posterior surface, posteriorly by the superior articular 
facet, and laterally by the pedicle, and it opens medially into the 
vertebral canal. 


d Sec case presentations at the end of this chapter, which depict these causes ol stenosis. 
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Figure 4.1. Cross-section of vertebral canal at L5 with various diam¬ 
eters. /, sagittal diameter of spinal canal; 2 , interpeduncular distance; 3 , 
interfacet distance; 4 , lateral recess; 5, interlaminar distance. 


From Figure 4.1, it can be seen that the lateral recess can be 
encroached, or stenosed, by the following: 

1. Facet joint hypertrophic degenerative changes, probably best 
seen in superior articular facet arthrotic hypertrophy entrap¬ 
ping a lumbar nerve root coursing through the lateral recess. 

2. Posterolateral disc protrusion or prolapse. 

3. Ligamentum flavum hypertrophy. 

4. Spondylolisthesis (9). 

5 . Secondary to lumbar fusion bone overgrowth. 

6. Degenerative disc disease. 

PATHOGENESIS 

Traction is produced on neural tissue as the spine rotates, 
flexes, or extends itself. Normal persons have sufficient room 
in the canal and lateral recesses for molding and gliding; hence, 
movement produces no clinical symptoms. However, if the 
size of the canal is further narrowed by bony or ligamentous 
proliferations, symptoms appear (10). 

Pain can result from direct nerve impingement, but it has 
been postulated that high-grade obstructions could at least par¬ 
tially block lymphatic and venous channels in the dura or its 
sleeves. Build-up of cerebrospinal fluid below the obstruction 
could cause collapse of venous return and produce stagnant 
anoxia (11). Axon reflexes via the autonomic nervous system 
have also been postulated to account for the pain (12). 

Integration of causative factors cause nerve root irritation, 
which helps to explain low back and leg pain symptoms. Steno¬ 
sis may be the most important element in determining symp¬ 
toms, and their severity, response to treatment, and prognosis. 


A patient can have a large disc protrusion and also a large- 
diameter vertebral canal and lateral recess, and, therefore, 
have no symptoms, whereas the same disc protrusion can cause 
severe motor and sensory findings in a patient with a stenotic 
canal. Figure 4.2 demonstrates how the nerve roots lie snugly 
within the lateral bony recess prior to exiting the intervertebral 
foramina. The L5 and SI nerve roots lying within the lateral re¬ 
cesses are more vulnerable to compression from a protruding 
intervertebral disc than the higher lumbar roots lying within a 
rounder vertebral foramen (Fig. 4.3). 

Figure 4.4 exemplifies how a patent, nonstenotic canal can 
accommodate a relatively large disc protrusion without creat¬ 
ing symptoms, whereas a stenotic lateral recess compresses the 
nerve root, creating marked pain and motor findings. There¬ 
fore, disc protrusion size is not as important as the size of the 
canal it bulges into. 

CAUSES OF NERVE ROOT SYMPTOMS 

Large portions of the population have disc protrusion yet have 
no symptoms. Weisel et al. (1 3) reported that three neurora¬ 
diologists, in a blind study, found 35% of 52 asymptomatic pa¬ 
tients to have a herniated nucleus pulposus on computed to¬ 
mographic (CT) scan. Further, it was pointed out that 24% of 
normal patients with no history of low back or sciatic pain 
showed significant abnormalities on myelography. Perhaps the 
reason for the absence of pain in these “normal” individuals is 
absence of sufficient pressure on the nerve root by the herni¬ 
ated disc to elicit “pain.” Keep in mind that stenosis increases 
the probability of nerve root compression. A decrease in ver¬ 
tebral canal size by as little as 1 5% (2 mm) separates persons 
with and without back pain. Indeed, more than 5 3% of patients 
with low back pain may have spinal stenosis (14). 
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Figure 4.2. Prior to exiting from the intervertebral foramina, the 
nerve root lies at the lateral-most portion of the vertebral foramen. 
(Reprinted with permission from Finneson BE. Low Back Pain, 2nd ed. 
Philadelphia: JB Lippincott, 1980:9.) 
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Figure 4.3. The five lumbar vertebrae. Note the lateral bony recess formed by the last two vertebrae. 
(Reprinted with permission from Finneson BE. Low Back Pain, 2nd ed. Philadelphia: JB Lippincott, 
1980:8.) 
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Figure 4.4. A. A relatively small intervertebral disc protrusion may not produce significant nerve root 
compression when the vertebral foramen is oval, and it may permit elevation of the root. B. When the 
nerve root lies within a lateral bony recess, even a small disc protrusion may produce severe root com¬ 
pression. (Reprinted with permission from Finneson BE. Low Back Pain, 2nd ed. Philadelphia: JB Lippin¬ 
cott, 1980:9.) 


Rydevik et al. (1 5) showed that the functional changes in¬ 
duced by nerve root compression can be caused by mechanical 
nerve fiber deformation associated with intervertebral disc her¬ 
niation and spinal stenosis; also, the changes may be a conse¬ 
quence of changes in nerve root microcirculation, leading to ischemia 
and the formation of intraneural edema. Nerve root compres¬ 
sion can, by different neurophysiologic mechanisms, induce 
motor weakness and altered sensibility or pain. Intraneural 
edema and demyelination seem to be critical factors for the 
production of pain in association with nerve root compression. 


Rydevik et al. compare the jeopardized microcirculation of the 
nerve to a “closed compartment syndrome” within the fora¬ 
men. 

Although no in vivo measurements of the pressures that act 
on a human nerve root (e.g., disc herniation) are known either 
to me or to Rydevik et al. (15), who extrapolate from existing 
knowledge on the swelling pressure of a nucleus pulposus her¬ 
niation. They state that the pressure demonstrated on in vitro 
nucleus pulposus specimens could reach several hundred mil¬ 
limeters of mercury if the specimen was exposed to free fluid 
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within a confined space. A sequestered fragment in the foramen 
could be speculated to create high pressure levels in the nerve 
root, but the validity of the hypothesis needs to be proven. 
Nerve roots arc more susceptible to mechanical deformation 
than peripheral nerves, considering that the peripheral nerve 
has a perineurium but nerve roots do not and that the peri¬ 
pheral nerve has well-developed epineural connective tissue 
where it passes close to bone and joint, whereas the nerve root 
has a poorly developed epineural lining (1 5). 

A peripheral nerve, at 30 to 50 mm Hg compression, 
demonstrates change in intraneural blood flow, vascular per¬ 
meability, and axonal transport (16—19). Rabbit tibial nerve 
showed these changes at 20 to 30 mm Hg; with complete is¬ 
chemia at 60 to 80 mm Hg and higher pressures resulting in de¬ 
layed recovery of intraneural blood flow (15). 

PAIN MECHANISMS IN NERVE 
ROOT COMPRESSION 

Compression of normal peripheral nerve or nerve root can in¬ 
duce numbness, but it usually does not cause pain. Experimen¬ 
tal investigations of human peripheral nerves, in vivo, have in¬ 
dicated that the numbness induced is a result of ischemia, not 
mechanical nerve fiber deformation, of the compressed seg¬ 
ment. If a nerve root—or a peripheral nerve—is the site of 
chronic irritation, however, even minor mechanical deforma¬ 
tion may induce radiating pain. This has been demonstrated by 
placing sutures or inflatable catheters around nerve roots at the 
time of surgery for herniated discs and postoperatively induc¬ 
ing stretching or compression of the nerve root (15). 

Stenotic problems can create pressure levels on nerve roots 
but not sufficient to cause motor or sensory findings. Thus, it 
seems that a nerve root can tolerate some degree of pressure. 
Some persons who have never had pain reveal disc protrusion 
on computed tomography or myelography, yet they may have 
a large vertebral canal, small dural sac, no ligamentum flavum 
or facet hypertrophy, and a small disc protrusion. This combi¬ 
nation of factors could result in minimal pressure on the nerve 
root, but not enough to cause symptoms. On the other hand, a 
person with a small vertebral canal, a large dural sac area, and 
facet lateral recess hypertrophic stenosis with ligamentum 
flavum thickening could have severe pain with a moderate or 
even small disc protrusion causing high compressive forces on 
the nerve root. 

THECAL SAC SIZE IN STENOSIS 

The need for a system to measure stenosis has recently been 
shown by Schonstrom ct al. (20, 21) who introduced a new 
measurement for the transverse area of the dural sac on CT 
scan. They felt that bony measurements alone did not reliably 
identify patients with spinal stenosis; the dural sac transverse 
area is the most accurate method of identifying stenosis, with 
the critical size for the dural sac below 100 mm. Further, they 
found the most common causes of spinal stenosis to be inter¬ 
vertebral disc and ligamentum flavum soft tissue encroach¬ 


ment, as well as facet degeneration hypertrophic changes (20). 
By caref ul manometric monitoring of highly pressure-sensitive 
catheters in the dural sac of seven spines removed at autopsy, 
Schonstrom et al. (21) found that circumferential restriction of 
the transverse area of the intact cauda equina to 60 to 80 mm 
caused a build-up of pressure in the dural sac. Once that criti¬ 
cal size was reached, even a minimal further reduction of the 
area caused a distinct pressure increase on the nerve roots. 
These authors note that again we see that the dural sac can tol¬ 
erate a degree of compression above which pressure increases 
create symptoms. The compression of the cauda equina was 
most commonly caused by intervertebral disc protrusion or lig¬ 
amentum flavum hypertrophy (20). 

CLINICAL RELEVANCE OF STENOSIS 

A review of the clinical and radiographic records of 214 pa¬ 
tients with spinal spondylosis found 63 (29%) were sympto¬ 
matic with cervical spondylosis, 123 (58%) presented with 
symptoms of lumbar spondylosis, and 28 (1 3%) presented with 
complaints ref erable to both the cervical and lumbar spondy- 
lotic changes. Segmental sagittal diameters of the spinal canals 
of the symptomatic areas were measured (22). A narrow spinal 
canal was present in 64% of patients with cervical spondylosis, 
in 71 % with lumbar spondylosis, and in 64% with combined 
degenerative disease of the cervical and lumbar spine. 

In the cervical area, myelopathy will likely occur when the 
midcervical diameters approach 10 mm. Myelopathy may be 
predicted with developmental midcervical diameters of 10 to 
13 mm. From 13 to 17 mm, patients may be susceptible to 
symptomatic cervical spondylosis, but few of these will be sus¬ 
ceptible to myelopathy. Above 17 mm, patients may be less 
prone to symptomatic disease. 

In the lumbar area, patients with small developmental sagit¬ 
tal diameters seem susceptible to refractory disease and spinal 
stenosis with neurogenic claudication when the canal is narrowed 
below IS mm radiographically. Patients with canal diameters of 
15 to 20 mm comprise a large group of clinically sympto¬ 
matic patients who may require more surgical treatment. Con¬ 
versely, when the lumbar sagittal diameters are 20 mm or more 
radiographically, patients require more spondylotic change for 
the expression of the same clinical symptoms (22). 

Degree of concavity (i.e., the scalloping) on the posterior 
surface of the lumbar vertebral bodies has been evaluated quan¬ 
titatively by means of a simple measuring device. Scalloping in 
the median sagittal plane was found to differ from that in the lat¬ 
eral plane near the pedicular attachments. In the medial plane, 
an increase in scalloping from FI to F4 is noted, with a subse¬ 
quent decrease at L5 (23). Faterally, the concavity deepens 
from FI to F5, the values here being larger than those medially 
at all levels. Scalloping in the lateral sagittal plane, especially at 
the fourth and fifth lumbar levels, is presumed to be caused 
mainly by pressure exerted by the spinal nerves. The medial 
scalloping is presumed to be partially caused by hydrostatic 
pressure of the cerebrospinal fluid in the dural sac. At the edges 
of the superior and inferior end plates, this pressure will be 
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counteracted by the tractional stresses of the fibers of the discal 
anulus fibrosus, which are inserted at the vertebral surface that 
constitutes part of the anterior wall of the spinal canal. There¬ 
fore, its shape has relevance in cases of spinal stenosis (23). 

Figure 4.5 schematically shows how the posterior vertebral 
surface is modeled by tractive and pressure forces. Figure 4.6 





Figure 4.5. Modeling forces on the posterior vertebral surface ( PVS ). 
The body weight (thick arrow) is transmitted to the nucleus pulposus. This 
gives rise to a tractional force (h) mediated by the anulus fibrosus, which 
counteracts that caused by cerebrospinal fluid pressure (u). No such op¬ 
posing force is seen at the midvcrtebral level. (Reprinted with permis¬ 
sion from Larsen JL. The posterior surface of the lumbar vertebral bod¬ 
ies. Part I. Spine I 985; 10( I): 55.) 



Figure 4.6. A. In ventral flexion, the dural sac is closer to the poste¬ 
rior surface of the intervertebral discs. B. In extension, it is closer to the 
central parts of the posterior vertebral service as shown in these lateral 
myelograms. (Reprinted with permission from Larsen ]L. The posterior 
surface of the lumbar vertebral bodies. Part I. Spine 1985; 
10(1):54.) 


shows myelographic changes induced in the cauda equina by 
these pressure f orces as flexion and extension occur. 

Herniated lumbar disc or definite sciatica was diagnosed in 
1 6 of 1 95 men and women who had reported a history of low 
back pain in a health survey. Measurements relating the size 
and shape of the lumbar spinal canal were subsequently made 
from the survey radiographs and compared between various 
types of back syndrome. Age, body height, body mass index, 
occupation, and parity of women were controlled as potential 
confounders using analysis of covariance. Several dimensions 
of lumbar vertebral canals appeared more shallow in the sub¬ 
jects who had a herniated disc or definite sciatica than in the 
others. In particular, the interarticular distance of the first 
sacral vertebra was found to be narrowed in cases of sciatica; 
the diff erence of the adjusted distances to the back pain cate¬ 
gory in men was 30.5 mm versus 35.1 mm (P = 0.02), and in 
women was 23.8 mm versus 30.3 mm (P — 0.002), respec¬ 
tively (24). Herniated lumbar intervertebral disc is often 
symptomless (13). 

Measurements of the size and shape of the lumbar spinal 
canal obtained from survey lumbar radiographs have been 
shown to be valid as compared with bony specimens from ca¬ 
davers. The radiologic measurements perf ormed in the present 
series (1 3) have proved repeatable, as described in previous re¬ 
ports (25). The results of Hellovaara et al. (25), in general, ac¬ 
cord with the hypothesis that a shallow spinal canal contributes 
to lumbar radiculopathy. This is consistent with the findings of 
Ramani (26), Porter et al. (27), and Winston et al. (28), ex¬ 
cept, unlike their data, in this series no significant diff erence 
was found in the midsagittal diameter. 

Plain films are usef ul in the diagnosis of lumbar spinal steno¬ 
sis, contrary to the opinions of some authorities who feel that 
plain films are of little value. In many cases, clinical presenta¬ 
tion and caref ul analysis of plain films are sufficient to provide 
an almost certain diagnosis (24). 

Root Entrapment Signs 

Four criteria are used to recognize lumbar root entrapment 
within the root canal: (a) severe, constant root pain to the 
lower leg, ( b ) pain unrelieved by bed rest, (c) minimal tension 
signs, and (J) patients over 40 years of age. In one study (29), 
249 patients f ulfilled these criteria, representing 1 1% of pa¬ 
tients attending a back pain clinic. Most had restricted spinal 
extension, but few had abnormal neurologic signs. Degenera¬ 
tive change was common, especially disc space reduction. Cen¬ 
tral canal size measured by ultrasound was normal, which is 
compatible with a variable history of back pain. Eighty percent 
of patients showed a long history of back pain, and 90.4% of 
them were managed by nonoperative means. Although 78% of 
these still had some root pain between 1 and 4 years after first 
attendance, most of them were not troubled sufficiently to 
have sought alternative help (29). 

The disc has been the focus of attention for several decades; 
at one time, root pain was almost synonymous with a diagno¬ 
sis of disc lesion. It is now recognized that a lumbar root can be 
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affected by other pathology and at a different site from the 
acute disc lesion. 

Patients with a root canal lesion are identified by four crite¬ 
ria: severe root pain, older age, unrelieved by bed rest, and 
without gross limitation of straight leg raising. 

Root canal pathology can occur from spondylolysis, con¬ 
genital facet hypertrophy at L5—S1, and previous trauma to the 
apophyseal joint, but the high incidence of disc space resorption 
suggests that previous disc pathology is a major cause of this syn¬ 
drome. Radiographs of the lumbar spine showed a greater inci¬ 
dence of disc space narrowing than would be expected (30). 

Intraosseous pressure (IOP) and cerebrospinal fluid pres¬ 
sure (CSFP) in the lumbar region were measured simultane¬ 
ously in two groups of patients with either spinal canal stenosis 
or disc herniation to compare dynamic changes with positional 
changes, and to learn whether these pressure changes have 
some role in the onset of claudication. IOP and CSFP showed 
almost the same change patterns with positional shifts in two 
groups. They were lowest in the prone position and highest in 
the standing position. In standing with flexion, they were al¬ 
most the same as in the prone position, but in extension, they in¬ 
creased above the standing pressure. Dynamic pressure changes 
could act as a compression force to the cauda equina in the pa¬ 
tient with spinal canal stenosis (31). 

Stenosis Determination and 
Treatment Influence 

The existence of the stenotic lumbar canal is another factor to 
be considered in the effectiveness of lumbar spine manipula¬ 
tion. Certainly, the congenital presence of this abnormality 
cannot be reversed without surgical relief. Yet the best of ma¬ 
nipulation may well render a measure of relief for the patients 
without providing 100% relief from symptoms. Alterations oc¬ 
curring with stenotic changes, namely, ligamentum flavum hy¬ 
pertrophy and disc degeneration, may not be reversible. Wein¬ 
stein et al. (32) and others have had a 70% success rate with 
surgery in decompression laminotomy of patients with a sten¬ 
otic lumbar spine. Thus, clinical investigation and statistic 
keeping eventually will provide an answer to the effectiveness 
of manipulation versus surgery in the treatment of patients with 
this condition. 

With the techniques of measurement outlined in this chap¬ 
ter, it certainly is possible to determine the existence of lum¬ 
bar canal stenosis and the prevalence of spondylotic canal 
radiculopathy by clinical investigation. Clinically, follow-up 
will show the effectiveness of manipulation. In a report in the 
Journal of the Canadian Chiropractic Association (33), 744 patients 
with neck and back pain were treated with spinal manipulation. 
These patients were referred from the Orthopedic Clinic at the 
University Hospital in Saskatoon. The reports covered only 
those suffering with low back and leg pain and the effects of ma¬ 
nipulation. It was found that 70% of the patients did well and 
that spinal manipulation now receives top priority in the con¬ 
servative management of back problems at this center. One of 
the main points I wish to stress is that the postsurgical patient 


did well under chiropractic care and that patients at that center 
were routinely referred back 3 months after surgery for ma¬ 
nipulative care. Spinal surgery was regarded not as the end but 
rather as the beginning of manipulative involvement. Thus, a 
strong possibility exists that in the treatment of the patient with 
a stenotic lumbar canal, a combination of surgical decompres¬ 
sion and manipulation may render the greatest benefit. 

Figure 4.7 shows various stenotic formations. Radiograph 
may reveal the osteoarthritic involvement of facets that enter 
and reduce the lateral recess of the vertebral canal. Myelo- 
graphic studies to define it are performed by injecting 30 mL of 
dye into the subarachnoid space and taking films with the pa¬ 
tient in an upright position. An anteroposterior diameter of less 
than 14 mm is suggestive of stenosis (34). The lumbar spinal 
canal usually becomes progressively wider from LI to L5 (35), 
and is most shallow at L5. 

Figure 4.8 illustrates the Jones and Thomson (36) formula 
used to measure the ratio of the canal to the vertebral body, 
which is an accurate radiographic indicator of lumbar stenosis. 
This technique eliminated misinterpretation of the plain radi¬ 
ographs caused by patient size, magnification, and rotation and 
provided good clinical correlation in 12 of 13 patients. Ratios 
of 1:2 to 1:4 (small normal) were considered normal, and ra¬ 
tios of 1:4 to 1:6 were considered stenotic. Of course, this 
technique does not provide as accurate a measurement as does 
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Figure 4.7. This diagram shows the normal canal and various combi¬ 
nations of conditions that may cause spinal stenosis. Congenital stenosis 
with disc herniation alone, not pictured here, is another possibility. 
(Reprinted with permission from White AA, Panjabi MM. Clinical Bio¬ 
mechanics of the Spine. Philadelphia: JB Lippincott, 1978:293.) 
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Figure 4.8. A. Axial section showing anteroposterior diameter of a fif th lumbar vertebra. B. Superior 
view. C. Median sagittal view. A, interpedicular distance; B , anteroposterior diameter of spinal canal; C, 
transverse diameter of vertebral body; D, anteroposterior diameter of vertebral body. The products AB and 
CD are compared. (Reprinted with permission from DL McRae. Radiology of the lumbar spinal canal. In: 
Weinstein PR, et al. Lumbar Spondylosis: Diagnosis, Management and Surgical Treatment. St. Louis: 
Mosby Yearbook, 1977.) 


CT scan, but it is a good indicator that more detailed tests such 
as CT or myelography are needed. 

According to Epstein et al. (37), an anteroposterior spinal 
canal diameter of less than 1 3 mm (from the posterior margin 
of the intervertebral foramen to the posterior surface of the 
vertebral body) indicates stenosis. Hypertrophic osteoarthritic 
spurs may he tolerated in a normal canal hut create severe com¬ 
pression of nerve roots in stenosis. Considerably more spurring 
can he tolerated at L5—SI than at L4—L5 because of a “snug” 
bony confine at L4—L5 and a “great” amount of space at L5—SI 
between neural elements and bone. 

Figures 4.9 and 4. 10 reveal why patients with stenosis stand 
in a flexed posture, that is, to maximize the sagittal diameter of 
the spinal canal. 

Thecal Sac Pressure in Stenosis 

Different morphologic measurements were studied in the eval¬ 
uation of patients with lumbar spinal stenosis (20). Preopera¬ 
tive CT scans from 24 patients who underwent surgery for cen¬ 
tral lumbar stenosis were analyzed. 

In most patients, the common tissues causing stenosis ap¬ 
peared to be protrusion of soft tissues, including the disc and 
ligamentum flavum. It was concluded that (a) Bony measure¬ 
ments alone do not reliably identify patients with spinal steno¬ 
sis. ( b ) The size of the dural sac is a more reliable measure of 
stenosis than bony measurements. Measurements of the trans¬ 
verse area of the dural sac on CT scans, enhanced by contrast 
in the sac, is the most accurate method for identifying stenosis, 
(c) Myelography is still considered to have an important role in 
the evaluation of a patient with stenosis, because the size of the 
dural sac can be estimated from myelographic data. ( d ) Degen- 



Figure 4.9. Increased spinal canal volume and decreased nerve root 
(cauda equina) bulk with flexion. (Reprinted with permission from 
Finneson BE. Low Back Pain, 2nd ed. Philadelphia: JB Lippincott, 
1980:432.) 
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Figure 4.10. Decreased spinal canal volume and increased nerve root 
bulk with extension. (Reprinted with permission from Finneson BE. Low 
Back Pain, 2nd ed. Philadelphia: JB Lippincott, 1980:432.) 


crativc changes within the facet joints and intervertebral discs, 
as well as encroachment on the canal by the ligamentum 
flavum, were the most common abnormalities associated with 
spinal stenosis, (e) Further investigation is needed to determine 
the critical size of the dural sac. 

To register pressure changes within the cauda equina, a 
highly sensitive pressure-measuring catheter was inserted 
through a hole in the dural sac (Fig. 4.1 1) (21). Then, by cir¬ 
cumferentially restricting the transverse area of the intact cauda 
equina, Schonstrom et al. found that pressure started to build 
up in it at a cross-sectional area of the dural sac ranging from 
60 to 80 mm 2 . Once this critical size was reached, even a min¬ 
imal further reduction of the area caused a distinct pressure in¬ 
crease among the nerve roots (21). 

EFFECT OF STENOSIS ON INTRAOSSEOUS 
BLOOD FLOW 

In recent years, investigations by intraosseous phlebography 
have provided evidence of disturbed venous outflow from jux- 
tachondral bone marrow of osteoarthritic joints (38). 

Intraosseous stasis is accompanied by a rise of intra¬ 
medullary pressure. Aching pain at rest, a typical symptom of 


advanced osteoarthritis, seems to be provoked by high pressure 
in the bone marrow. Release of intraosseous hypertension by 
osteotomy or critical fenestration is followed by prompt disap¬ 
pearance of these pains. 

Intraosseous pressures in the lumbar vertebrae of patients 
with low back pain show that low back pain seems similar in 
quality to the aching rest pain experienced by patients with se¬ 
vere osteoarthritis, and the radiographic changes observed in 
spondylosis deformans are indicative of processes similar to os¬ 
teoarthritis. Arnoldi (38) reported on intervertebral pressure 
measurements in patients with various types of lumbar pain. 
Pressures were measured in the spinous processes, and at least 
three vertebrae were examined simultaneously in each patient. 
In radiographically normal vertebrae, the intraosseous pres¬ 
sures varied within narrow limits (2 to 13 mm Hg), with a 
mean value of 8.3 mm Hg. In vertebrae with spondylotic 
changes in the radiograph, the pressure was significantly higher 
(28.1 mm Hg mean, 14 to 49 mm Hg range). All pressures are 
referred to heart level. No relationship was found between the 
degree of spondylotic changes in the radiograph and the eleva¬ 
tion of intraosseous pressure. As far as I am aware, this is as yet 
the only report on intraosseous pressures in patients with lum¬ 
bar pain. As mentioned , this is a preliminary report and its 
value is limited. It contains no data from healthy subjects, and 



Figure 4.11 . The pressure-recording catheter inserted through a hole 
in the dural sac. The hose clamp was applied around the sac 5 mm below 
the exit of the nerve roots. (Reprinted with permission from Schonstrom 
N, Bolender NF, Spengler DM, et al. Pressure changes within the cauda 
equina following constriction of the dural sac: an in vitro experimental 
study. Spine 1 984;9(6):605.) 
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no measurements were performed on patients with asympto¬ 
matic spondylosis deformans. Phlebography was not done in 
this study (38). 

Somatosensory Evoked Potential 
Examination For Stenosis 

Cortical somatosensory evoked potential (CSEP) examinations 
were performed on 20 patients with lumbar spinal stenosis 1 
day prior to surgery and 10 to 12 days after spinal decompres¬ 
sion and bilateral lateral fusion (39). CSEPs were recorded fol¬ 
lowing stimulation of 32 tibial, peroneal, and sural nerves and 
16 saphenous nerves. A total of 110 nerves were examined. 
Using CSEP PI latency as criteria for inclusion in the study, 2 1 
tibial, 20 peroneal, and 17 sural nerves were subjected to 
paired two-tailed t tests to determine whether the CSEP 
changes that occurred postoperatively were statistically signif¬ 
icant (P < 0.005). Postoperative PI latencies of tibial, per¬ 
oneal, and sural nerves changed significantly, as did N1 laten¬ 
cies and Pl-Nl amplitudes of tibial and peroneal nerves. Ten 
patients improved clinically. It was postulated that pathogenic 
narrowing of the spinal canal stenosis leads to nerve root com¬ 
pression and ischemia, with resultant dysfunction primarily af¬ 
fecting large-diameter myelinated fibers, and that a decom¬ 
pression procedure may adequately relieve the underlying 
pathologic processes. Improvement in CSEPs may be caused by 
an increase in available numbers of functioning large-diameter 
myelinated fibers, conversion to normal from a conduction 
block, and, perhaps, improved axoplasmic flow (39). 

Keim et al. (40) described the use of somatosensory evoked 
potentials (SEPs) to localize the level, extent, and laterality of 
nerve root entrapment. The results confirm a high incidence of 
fourth and fifth lumbar and first sacral nerve root involvement. 
The posterior tibial nerve was abnormal in 95% of cases, the 
peroneal in 90%, and the sural in 60% in the symptomatic 
lower extremity. 

Significant stenosis can cause compression of the nerve roots 
of the cauda equina in the lateral recess or in one or more 
foramina. Patients with symptomatic lumbar stenosis with or 
without neurogenic claudication may report pain, paresthesia, 
or lower extremity weakness, usually patchy in distribution. 
Different roots may be involved unilaterally or bilaterally. The 
condition is much more common than has been suspected in the 
past, and it is probably present to some extent in most persons 
over the age of 60 years. 

Anatomically, spinal stenosis can have the following varia¬ 
tions: (a) lateral, due to hypertrophy of the superior articular 
process; ( b ) medial, due to hypertrophy of the inferior articu¬ 
lar process; (c) central, due to bony projection (diastema- 
tomyelia) or hypertrophic spurs, thickening of ligamentum 
flavum or superior edge of the lamina of the inferior vertebra; 
(c) fleur-de-lis (cloverleaf), due to posterolateral bulging 
caused by thickening of laminae. 

Patients with spinal stenosis often present with vague, 
sketchy clinical findings that are usually misleading. Most pa¬ 
tients present with symptoms of pain because the sensory, not 


the motor, fibers are primarily affected. It is not uncommon 
that the usual electrodiagnostic procedures such as electromyo¬ 
graphy (EMG), motor nerve conduction, and F waves are not 
revealing. The “H” reflex can be used to evaluate sensory fibers, 
but its value is limited to the SI function of primary afferent 
pathways. 

Technically CSEPs are easy to perf orm, and they are nonin- 
vasive, and painless. The technique has proved to be a reliable 
diagnostic tool with a high yield of accuracy in delineating the 
extent and laterality of nerve root involvement in spinal steno¬ 
sis (40). 

Factors on Effects of Stenosis 

Age 

The lumbar spinal canal has no further potential for growth by 
infancy as regards the midsagittal diameter and the cross- 
sectional area. Thus, in the case of delayed development, it is 
not capable of catch-up growth (41). The degree of narrowing 
in the canal increases with senescence, the canal is most narrow 
by median age of 67 years (42). 

Sex 

No association was found between sex and degree of stenosis. 

Stenotic Results on the Nerve Complex 

Low Pressure on Dorsal Root Ganglion (DRG) and 
Nerve Diminish Nutrition Supply 

A pressure of only 10 mm Hg induced a 60% reduction of ef¬ 
ferent nerve impulse amplitude during 2 hours of compression 
and a complete block at 50 mm Hg. Blood flow in the uncom¬ 
pressed nerve root segment between the two balloons at 10 
mm Hg was reduced to 64% of normal and the nutritional 
transport to the same nerve segment was drastically reduced. 

Low compression pressures cause (a) changes in blood 
supply, ( b ) endoneurial edema, (c) metabolic imbalance, and 
(d) altered impulse propagation. Symptoms and signs in cen¬ 
tral spinal stenosis are likely to be secondary to these combi¬ 
nations of nerve tissue reactions induced by mechanical com¬ 
pression (43). 

Narrow Canal Equates to Longer Leg 
Pain Duration 

Cross-section areas of the disc hernia, the dural sac, and the 
residual spinal canal were measured on computed tomogra¬ 
phy-myelography in 58 patients with lumbar disc herniation 
who did not undergo surgery. After a median of 14 months 
from the onset of leg pain, 77% had returned to work, and only 
7% were pain-free. Hernia size was not associated with the out¬ 
come measures. A high score for pain intensity and distal pain 
distribution was associated with a wide dural sac and a wide 
residual spinal canal. Patients with the longest duration of leg 
pain had the narrowest spinal canals (44). 
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Epidural Pressure 

Epidural pressure at the stenotic level in patients with lumbar 
spinal stenosis is changed by posture. The pressure is lowest 
(1 8 mm Hg) when lying down. Pressure in sitting is two times 
higher than that in lying; it is four times higher in upright 
standing than in lying. Highest pressure (116 mm Hg) is mea¬ 
sured in standing with extension, which is about six times 
higher than that in lying. In standing posture, the pressure 
with flexion is one fourth of the pressure with extension. 
These pressure changes may explain the postural dependency 
of symptoms in spinal stenosis. Increased pressure to the 
dural sac by posture may induce the compression of the nerve 
roots. As a result, cauda equina and radicular symptoms may 
appear (45). 

Increased Intraosseous Blood Pressure 

Intraosseous hypertension is found in the vertebral bodies in 
positions causing low back pain, such as sitting, whereas lying 
down reduces the pressures and is not painful (46). 

DORSAL ROOT GANGLION CHANGES 

The dorsal root ganglion is a vital link between the internal and 
external environment and the spinal cord. The primary sensory 
role of the spinal cord is to receive afferent stimuli in the form 
of action potentials and to relay the information transmitted to 
and from the brain (47). 

Cells in the DRG were originally divided into two classes ac¬ 
cording to their diameters. The large cells give rise to large 
myelinated fibers and the small cells to the unmyelinated (C) 
and finely myelinated (A) fibers. The central terminations of 
these primary af ferent fibers, derived from the small cells, end 
mainly in the substantia gelatinosa, lamina 2 of the spinal cord. 
Several peptides, including calcitonin-generated peptide and 
substance P, have been localized to a subpopulation of small 
DRG cells. To date, calcitonin gene-related peptide is the most 
abundant peptide in the DRG. 

In 1 983, Wall (47) also demonstrated the DRG to have on¬ 
going activity and mechanical sensitivity that could be a source 
of pain-producing impulses and could contribute to pain in 
those conditions of peripheral nerve damage where pain per¬ 
sists after peripheral anesthesia. 

Pressure on the DRG and Nerve Root 

Cerebrospinal fluid plays an important role in the nutrition of 
the nerve roots. The dorsal root ganglion is well vascularized 
compared with other parts of the nerve root. These factors help 
support nutrition created by the increased metabolic demand 
of the DRG in which several important substances are synthe¬ 
sized. Included in some of these neuropeptides are substance P, 
vasoactive intestinal polypeptides (VIP), and proteins needed 
to maintain structural and functional integrity of the entire sen¬ 
sory neuron (43). 


SYMPTOMS OF A STENOTIC CANAL 

The mean duration of stenosis symptoms was reported at 20 (1 
to 1 80) months with 72 patients (58%) having claudication, 43 
(35%) radicular pain, and 8 (7%) mixed symptoms. Reduced 
power of the extensor hallucis longus and peroneal paresis 
were the most prevalent signs (2). 

Stenosis can be present with (a) no symptoms, ( b ) neuro¬ 
genic claudication, (c) symptomatic disc protrusion, or (J) root 
entrapment with degenerative changes (48). The classic symp¬ 
tom of central spinal stenosis is claudicating leg pain, aggra¬ 
vated by standing or walking and relieved by forward flexion or 
sitting (48). 

Lateral Recess Stenosis 

Radiculopathy of the L5 nerve root may be caused by L4—L5 
disc herniation or by L5—SI foraminal stenosis. Radiculopathy 
caused by lateral canal stenosis consists of pain in a dermatomal 
distribution and sensory or motor deficits of a particular nerve 
root (48). 

Differential of Lateral and Central 
Stenosis Symptoms 

Back and leg pain lasts longer in patients with central rather 
than lateral stenosis; back pain usually lasts 1 5 years bef ore leg 
pain commences. No association with the degree of stenosis 
nor difference in the symptoms of patients with lateral and cen¬ 
tral stenosis was reported in this study (42). Claudication was 
found in both groups at all degrees of stenosis. The neurologic 
findings were equal in lateral and central stenosis and did not 
increase with the degree of stenosis. 

Reflex Sympathetic Dystrophy 

Reflex sympathetic dystrophy is a syndrome of burning pain, hy¬ 
peresthesia, swelling, hyperhidrosis, and trophic changes in the 
skin and bone of the affected extremity. It is precipitated by a 
wide variety of factors in addition to nerve injury. It occurs out¬ 
side of dermatomal distributions and can spread to involve other 
extremities without new injury. The diagnosis is primarily clin¬ 
ical, but radiography, scintigraphy, and sympathetic blockade 
can help to confirm the diagnosis. The most successf ul therapies 
are directed toward blocking the sympathetic innervation to the 
affected extremity, in conjunction with physical therapy. The 
theories proposed to explain the pathophysiology of reflex sym¬ 
pathetic dystrophy include “reverberating circuits” in the spinal 
cord that are triggered by intense pain, ephaptic transmission 
between sympathetic efferents and sensory afferents, and the 
presence of ectopic pacemakers in an injured nerve (4). 

Previously termed “causalgia,” for the condition in soldiers 
with persistent burning pain and progressive trophic changes in 
a limb followinggunshot injuries, today, all such manifestations 
of sympathetic overactivity are termed “reflex sympathetic dy- 
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Reflex sympathetic dystrophy can be associated with lumbar 
disc herniations. Both central and peripheral neuroanatomic 
pathways can be implicated in the development of this syn¬ 
drome. Clinical findings of (a) vasomotor instability in the leg, 
supported by plain radiographs showing osteopenia; ( b ) bone 
scan showing increased uptake; and (c) a favorable response with 
sympathetic blocks suggest the diagnosis. Symptoms should be 
relieved with appropriate nerve root decompression but may 
also require a therapeutic lumbar sympathetic blockade (49). 

Lumbar Degenerative Disc 
Disease-Induced Stenosis 

The triple joint complex, made up of the two posterior zy- 
gapophysial joints and single anterior intervertebral disc, can be 
affected by trauma or degenerative disc disease. One of the 
joints of the complex begins the process of degeneration, and 
it may or may not be symptom producing. However, because 
the function of the three joints are so intertwined, changes in 
any one eventually affects the other. 

With combined triple joint complex degeneration, eventual 
loss will occur in disc height and facet cartilage, with resultant 
ligamentous laxity of other ligamentous restraints. Stress will 
be transferred to levels above and below, where the process 
will repeat itself until multilevel spondylosis occurs (50). 
Nerve entrapment can occur at each level. 

Algorithm of Stenosis Development 

Panjabi et al. (51) probably best developed the stages of steno¬ 
sis in the following algorithm: 

1. Asymmetric disc injury at one functional spinal unit (FSU). 

2. Disturbed kinematics of FSUs above and below injury. 

3. Asymmetric movements at facet joints. 

4. Unequal sharing of facet loads. 

5. High load on one facet joint. 

6. Cartilage degenerative or facet atrophy and narrowing of in¬ 
tervertebral foramen (IVF). 

Patient Presentation 

Degenerative stenosis patients typically present as follows: 

1. Eighty-eight percent show symptoms distal to the buttocks; 
only 56% show pain distal to the knees, indicating that calf 
pain, often considered part of the pseudoclaudication syn¬ 
drome, is not necessary to establish a diagnosis of lumbar 
spinal stenosis (52). 

2. Extension increases stenosis symptoms by decreasing the 
spinal and neural canal areas. Absence of pain when seated 
is highly specific for lateral lumbar stenosis, and thigh pain 
with lumbar extension is an independent correlate of the di¬ 
agnosis. These mechanical relationships support the concept 
that lumbar flexion increases and extension decreases the 
cross-sectional area of the spinal canal and neural foramina. 


3. The most specific physical examination findings are a wide- 
based gait and abnormal Romberg test. 

4. Numbness is noted in 51% of lateral lumbar stenosis cases 
preoperatively. 

5. Absent ankle reflexes, muscle weakness, and sensory deficit 
in 58, 51, and 52%, respectively, are reported in lateral 
lumbar stenosis patients. 

6. Lateral lumbar stenosis patients showed that 65% had re¬ 
duced ankle reflexes, 42% had reduced strength of the ex¬ 
tensor hallucis longus, 46% had sensory disturbance, and 
51 % had radiating pain on lumbar extension (52). 

STENOSIS FACTORS IN BACK PAIN 
Severe Back Pain 

Patients with small canals are more likely to visit doctors and 
have treatment for back pain. Canal measurement is not a pre¬ 
dictor for back pain, but it is a risk factor for severe back pain 
in early working life (53). 

Poorer Health and Decreased 
Academic Ability 

Impaired early programming of canal growth leaves a small 
adult vertebral canal, and other sensitive developing systems 
can be affected similarly, producing in an adult a small canal, 
declining health, and poor academic ability (54). The hypothe¬ 
sis has not been proved, but it is supported and deserves fur¬ 
ther study. 

GROWTH FACTORS IN STENOSIS 

Does infant malnutrition produce smaller adult spinal canals? 
Lumbar and thoracic vertebrae (n — 1073) from a prehistoric 
American Indian population (1 5 to 55 years of age) were mea¬ 
sured for anteroposterior (AP) and transverse vertebral canal 
sizes, nerve root tunnel (NRT) (intervertebral foramen) 
widths, vertebral heights (VH), vertebral osteophytosis (VO), 
and tibial lengths. They underwent a dietary change from hunt¬ 
ing and gathering, with a protein-rich (PR) diet, to maize agri¬ 
culture, with a protein-deficient (PD) diet, between 950 and 
1 300 AD. The multivariate analyses done controlled for age, 
sex, culture, NRT, VH, VO, and wedging. Canal size was sig¬ 
nificantly smaller in the PD subjects. AP diameters were gen¬ 
erally and highly correlated with NRT, and thus both spinal 
stenosis and sciatica may have a developmental basis. Canal size 
was independent of statural components. Consequently, canal 
size is a most powerful tool in assessing infant malnutrition. 
Moreover, perhaps the association between canal size and low 
back pain (LBP) found in living populations has been underes¬ 
timated, and this component of LBP is preventable (55). 

Roaf (56) provided rough estimates in inches for lumbar and 
thoracic spine growth from 2 to 1 6 years of age. The lumbar 
vertebrae and discs grow approximately twice as much as the 
thoracic area. He suggests (without data) that, in the thoracic 
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region, the posterior elements may grow faster than the ante¬ 
rior, and that this may be reversed in the lumbar region. 

Using data from Porter et al. (57), Eisenstein (58), and 
Hinck et al. (59), it appears that at birth the canal is approxi¬ 
mately 65% of its adult size, and by 5 years it is 90% of its adult 
size. In addition, within the canal, the AP diameters appear to 
be more advanced than the transverse (TR) vertebral canal. 

First, the estimates of the association between low back pain 
and canal size, derived from ultrasound readings, using a 1 5° 
oblique angle, suggest that only 2 mm (a decrease in canal size 
of about 15%) separates persons with and without LBP (57). 
The frequency of small transverse diameters and LBP has been 
suggested to be 5 3% (14). Consequently, if AP diameters are 
most variable and most frequently associated with LBP, then 
even less than 2 mm may separate those persons with and with¬ 
out LBP. Indeed, more than 5 3% of patients with LBP may 
have AP spinal stenosis. 

Dual-Level Stenosis 

A single-level stenosis probably causes little neurologic dys¬ 
function because the nerves are well supplied with oxygenated 
blood from a proximal and distal supply. A two-level low pres¬ 
sure stenosis, however, will produce more profound effects. 
The arterioles will supply the uncompressed segment between 
the two blocks, but the venous return will be impaired, and a 
long segment of cauda equina will become congested. Metabo¬ 
lites will build up, and reduced blood flow will impair nutri¬ 
tion. In a two-level central canal stenosis, all the cauda equina 
will be congested with bilateral symptoms. In single-level cen¬ 
tral stenosis, with a more distal root canal stenosis, only a sin¬ 
gle root will be congested and unilateral symptoms seen (60). 

INTERMITTENT CLAUDICATION 
Definition and Risk Factors 

Claudication is a descriptive term for the clinical symptom 
complex of exercise-induced leg pain that is relieved by rest. 
The primary risk factor for claudication is cigarette smoking. 
The relative risk of developing claudication is 2.1 1 if a person 
smokes more than 20 cigarettes per day and is 1.75 if a person 
smokes 11 to 20 cigarettes per day. The risk remains increased 
for up to 5 years after smoking cessation. Diabetes, systolic hy¬ 
pertension, hypercholesterolemia, increasing age, and increas¬ 
ing body mass also are statistically significant variables related 
to claudication. A combination of risk factors increases the rel¬ 
ative risk of claudication (61). 

Differential Diagnosis 

Although neurogenic and ischemic causes of back pain may 
clinically appear similar, certain clinical signs and symptoms 
can be used to differentiate the two. Neurogenic claudication 
is characterized by vague leg pain anteriorly and posteriorly 
over the thighs and calves. This is caused by postures in the 


spine that mechanically compromise the neural canal and fora¬ 
mina. In addition, paresthesias and dysesthesias in the lower ex¬ 
tremities occur with these postural changes. 

In contrast to neurogenic claudication, claudication associ¬ 
ated with ischemia is manifested by pain, dysesthesias, and 
paresthesias that occur with ambulation, but which are relieved 
by rest or lying supine. The absence of pulses and the presence 
of pallor distally are classic signs of vascular claudication, but 
they are not associated with the neurogenic form (62). 

Figure 4.12 is a differential diagnostic chart of lower ex¬ 
tremity pain as caused by arterial insufficiency and neurogenic 
claudication. According to Weinstein et al. (32), the classic 
clinical symptom of a narrowed lumbar canal is pain aggrava¬ 
tion in the lower extremities following exaggerated lordosis of 
the lumbar spine. This classic clinical symptom is one of numb¬ 
ness and tingling or a feeling that the legs are asleep. It may be 
brought on by standing, bending backward, or reaching over¬ 
head. Ehni (63) has shown that during myelography lumbar 
spine extension produces total block of the column, whereas 
flexion permits the dye to pass through the lumbar spine. 

An interesting diagnostic point was presented by Dyck et al. 
who said that the ankle reflex, when accompanying intermit¬ 
tent claudication, may be absent after exercise and present 
when at rest. Furthermore, Weinstein et al. (32) noted that 
two patients in the claudication groups had urinary retention 
when ambulatory, but following rest could void normally. 


Finding 

Arterial 

Insufficient 

Claudication 

Neurogenic 

Claudication 

Arterial pulses 
of femoral, 
popliteal, 
post, tibial, 
and dorsalis 
pedis 

One or more 
diminished 

Normal 

Pain in legs 
induced by 

Exercise such as 
walking but not 
by posture change 

Walking, standing 
kneeling, 
hyperextension 

Relieved by 

Rest 

Bend forward, 
squat, flexion 

Accompanied 
by low back, 
buttock, 
thigh pain 

Rare 

Common 

Type pain 

Cramping is severe 
if exercise is 
continued 

Dysesthesia such as 
numbness, tingling, 
and burning 

Comes at rest 

No 

Yes 

Sensory loss 

Rare 

Mild 

Leg raise 

Normal 

Normal 

Arterial 

murmur 

Yes 

No 

Plain x-ray 
findings 

Arteriosclerosis of 
abdominal aorta 
or iliac and femoral 
vessels 

Discogenic 

spondyloarthrosis 


Figure 4.12. Differential diagnostic factors of intermittent claudication. 
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Peripheral and Cardiovascular Signs Coexist 

Physical Examination 

Evaluation of the carotid artery pulses is recommended because 
atherosclerosis, the most prevalent cause of occlusive periph¬ 
eral arterial disease, commonly affects the carotids as well as 
the peripheral arteries (64). 

After examination of the peripheral arterial pulses is com¬ 
pleted, auscultation over the carotids, abdominal aorta, and 
femoral and popliteal arteries is useful in detecting mild occlu¬ 
sive arterial disease. A systolic bruit is indicative of turbulence, 
most often caused by atherosclerosis proximally; a bruit ex¬ 
tending into diastole is heard when the arterial narrowing prox¬ 
imally is sufficiently severe to produce a gradient (and there¬ 
fore flow) in diastole a usef ul sign of significant occlusive 
arterial disease. 

To determine the degree of occlusive arterial disease, the el¬ 
evated extremity can be graded as follows (64): 


Grade of Pallor 
of Elevation 

0 

1 

2 

3 

4 


Appearance at Designated Duration 

No pallor in 60 seconds 
Definite pallor in 60 seconds 
Definite pallor in less than 60 seconds 
Definite pallor in less than 30 seconds 
Pallor with no elevation of extremity 


Doppler Testing 

Doppler segmental pressures with an ankle-brachial index 
(AB1) provide information about the physiologic significance of 
clinically suspected arterial obstruction. The ABI is a ratio of 
the ankle blood prcssure:brachial blood pressure. An ABI of 
greater than 0.85 is considered normal, an ABI of 0.50 to 0.84 
suggests arterial obstruction with claudication, and an ABI of 
less than 0.50 suggests significant arterial obstruction with crit¬ 
ical ischemia. 

Occasionally, patients have normal ABIs and segmental 
pressures at rest, but their symptoms strongly suggest claudi¬ 
cation. For this diagnostic test, the patient walks until the on¬ 
set of leg pain. Exercise may unmask the arterial obstruction, 
resulting in a postexcrcise change in the Doppler segmental 
pressures and the ABIs (61). 


Mechanisms of Intermittent 
Claudication Causation 

Various mechanisms have been suggested as the cause for in¬ 
termittent claudication—for example, ischemic neuritis of the 
cauda equina, narrowing of the spinal canal at standing, venous 
return obstruction induced by the increase of cerebrospinal 
fluid pressure below the stenosis, and changes of nerve root mi¬ 
crovascularization at standing. 

In spinal stenosis, the pressure on the cauda equina proba¬ 
bly varies with posture and exercise. Clinically, therefore, a sit¬ 
uation of intermittent, rather than continuous cauda compres¬ 
sion, thus might correspond well to the clinical condition of 
neurogenic claudication (66). 

An adequate blood supply is one important component in 
preserving the functional properties of nerve roots. A pressure 
level of 1 0 mm Hg is sufficient to induce a significant reduc¬ 
tion of both blood flow and supply of nutrients to the nerve 
roots. After compression release, blood flow is restored 
within minutes. A pressure level of 10 mm Hg is known to in¬ 
duce venular congestion in the nerve roots. Therefore, it is a 
likely assumption that the venular congestion induced by the 
continuous compression can significantly affect the recircula¬ 
tion of the cauda equina when the intermittent compression 
component is released. A pressure of 50 mm Hg, in addition 
to the venular congestion, will also affect the capillary and ar¬ 
teriolar blood flow. Therefore, restoration of cauda equina 
blood flow is likely to be more impaired at 50 mm Hg than at 
10 mm Hg (66). 


Exercise-Induced Ischemia of the 
Nerve Roots 

Twenty-two minipigs were trained to run on a treadmill. Two- 
level lumbar spine stenosis was created in 12 pigs, 10 were 
nonoperated control subjects. Blood flow of the spinal cord and 
nerve roots was determined with microsphcrcs at rest, during 
exercise, and after exercise. Studied were the effects of lumbar 
spinal stenosis and exercise on blood flow of spinal neural tis¬ 
sue. Results suggest that exercise-induced impairment of spinal 
nerve root blood flow plays a role in the pathophysiology of 
neurogenic claudication (67). 


Differential Diagnosis 

Disc herniation leads to operation much sooner than lateral or 
central spinal stenosis. Pain at rest, at night, and on coughing is 
as common in lateral spinal stenosis as in disc herniation, al¬ 
though it is probably less severe. Root tension signs are com¬ 
mon in disc herniation, less so in lateral spinal stenosis, and rare 
in central spinal stenosis. Neurologic abnormalities are most 
common in central spinal stenosis, especially reduced or absent 
patellar reflexes. Profiles of symptoms and signs in the three 
conditions differ and are sufficiently specific to help in diagno¬ 
sis (65). 


Combined Cervical and Thoracic 
Spine Stenosis 

Twenty patients with spinal intermittent claudication, caused 
by cervical and thoracic lesions, who were given surgical treat¬ 
ment (n = 19) were studied. Their main subjective symptoms 
were tightness, weakness, and numbness in the lower limbs 
and a strangulated sensation in the trunk to lower limbs. Ob¬ 
jective findings were occurrence and/or aggravation of the 
spinothalamic tracts. Circulatory impairment of the spinal cord 
seems to be closely related to the cause of spinal intermittent 
claudication (68). 
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Treatment 

In intermittent claudication, conservative treatment consists of 
eliminating risk factors, particularly smoking, drug treatment, 
and physical exercises. Exercise can prolong the pain-free 
walking distance of claudicants. The optimal exercise program 
should be supervised, performed regularly for at least 2 
months, and be of high intensity. Although many fundamental 
questions remain unanswered, it is justified to prescribe exer¬ 
cise therapy for intermittent claudication more generally than 
is realized in today’s practice (69). It should consist of exercise 
to or through the onset of claudication, rest until the pain re¬ 
solves, and then resume exercise. The exercise is performed 
daily in a session lasting 30 minutes to 1 hour (61). 

Claudication is an obvious marker for systemic atheroscle¬ 
rosis, and the long-term survival rate is lower in patients with 
this condition than in age-matched control subjects. 

Hypertension is an independent risk factor for claudication 
to be treated. All patients with claudication should stop smok¬ 
ing. Hyperlipidemia is associated with claudication. The low- 
density lipoprotein cholesterol level should be lowered to be¬ 
low 100 mg/dL(61). 

So far as drug therapy is concerned, pentoxifylline (Trental) 
increases red blood cell deformity, decreases plasma viscosity, 
decreases platelet aggregation, and increases resting and hy- 
peremic extremity blood flow. Aortobifemoral bypass is re¬ 
ported successful in more than 90% of patients with aortoiliac 
occlusive disease. Most patients with claudication respond to 
conservative therapy (61). 

Treadmill Stress Testing 

A prospective study of patients with neurogenic claudication 
and lumbar spinal stenosis determined pre- and postsurgical 
functional status to evaluate the outcome of surgical interven¬ 
tion and found treadmill testing to be a useful indicator of func¬ 
tional status and surgical outcome (70). 

DIAGNOSIS: IMAGING DIAGNOSIS OF 
SPINAL STENOSIS 

Pathologic Sequence of Lumbar 
Dysfunction 

Understanding the pathologic process and making a concise and 
precise diagnosis of which nerve or nerves are affected are im¬ 
portant steps in the formation of a logical treatment plan (71). 
The pathologic process of low back pain is composed of: 

1. Dysfunction, which is nearly always relieved by nonoper¬ 
ative measures. Ninety percent of patients with low back 
pain have this symptom. Attendance at a spine education 
program, a light elastic garment, manipulations, or poste¬ 
rior joint injections relieve most patients of their symptoms. 

2. Disc herniation. Seventy-five percent of patients with a 
first herniation respond well to the measures outlined im¬ 


mediately above, together with a period of rest in bed. The 
remaining 25% may require chemonucleolysis or discec¬ 
tomy. 

3 . Lateral entrapment (stenosis). Approximately 50% of 
patients with this type of lesion respond to nonoperative 
measures. Manipulation is an effective method of treat¬ 
ment. In most cases, the remaining 50% require operative 
decompression with enlargement of the narrow lateral 
canal. 

4. Central stenosis. Combining a clinical assessment with 
EMG studies, radiographic and CT scan examination, and 
sometimes a selective nerve block, makes it easy to identify 
the entrapped nerve or nerves. A few patients respond to 
nonoperative measures. Many require decompression. 

5. Instability. Patients with a minor degree of instability of¬ 
ten require no more than decompression. Those with major 
instability require fusion of the af fected level following de¬ 
compression and at the same operation (71). 

PLAIN RADIOGRAPHIC EVALUATION 
FOR STENOSIS 

Figures 4.1 3 and 4.14 are photographs of two lumbar verte¬ 
brae. Figure 4.13 shows the typical round vertebral canal with 
fairly well-developed pedicles, whereas Figure 4.14 shows a 
tref oil canal with underdeveloped pedicles. 

Various clinicians have measured the interpedicular and 
sagittal diameters of the canal. Epstein et al. (72) found the 
sagittal diameter normally to be 1 5 to 23 mm, with a measure¬ 
ment of less than 1 3 mm clinically significant of narrowing. He 
further noted that accompanying the shortened pedicles are 
thickened neural arches and prominent facets, which further 
narrow the diameter. Paine and Haung (73) report that the 



Figure 4.13. Photograph of actual lumbar vertebra showing a rounded 
vertebral canal with well-developed pedicles. 
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Figure 4.14. Photograph of a trefoil-shaped vertebral canal with un¬ 
derdeveloped pedicles. 

sagittal diameter of canals in patients with stenosis is 8 mm. The 
pioneer and perhaps the best authority on stenosis of the canal 
is Verbiest (74), who states that a sagittal diameter of less than 
12 mm is definitely too short. His conclusion is based on the 
measurements of the vertebrae of American (75), Dutch (76), 
Norwegian and Lapp (77), and White and Zulu skeletons (78). 
According to Verbiest (74), absolute stenosis is indicated when 
the sagittal diameter is 10 mm or less, which may produce signs 
of radicular compression in the absence of any additional com¬ 
pressive agent (c.g., disc protrusion, ligamentum flavum hy- 
pertyrophy, and lamina hypertrophy). Midsagittal diameters 
between 10 and 12 mm are classified as relative stenosis and 
serve as warning of possible future disturbances caused by the 
development of spondylosis and its accompanying arthritic 
changes in the facets. According to Verbiest, a narrow canal 
and mild disc protrusion or minimal ventral osteophytosis pro¬ 
duces symptoms, which could be well tolerated in a lumbar 
canal of normal size. 

Plain Film Markings 

In our clinical investigation, we used the technique of Eisen- 
stein (78) (illustrated in Figures 4.15-^4.17), which demon¬ 
strates the use of this technique on actual x-ray films. Figure 
4.16 reveals the sagittal diameter of a well-formed canal. Ac¬ 
cording to Epstein et al. (72), the sagittal diameter of a good- 
sized canal is equal to one half of the diameter of the vertebral 
body. Application of the Eisenstein technique in Figure 4.17 re¬ 
veals stenosis of the L5 level, because the sagittal diameter of 
the canal measures less than 12 mm; this underdevelopment 
can be seen by scanning the radiograph even if one does not 
measure the diameter. Remember, the L5—SI intervertebral 
foramina are the smallest in the lumbar spine and that the size 


of the L5 nerve root exiting through them is the largest of the 
lumbar cauda equina. Rabinovitch (79) observed that the L3 
through S5 nerve roots are less mobile than those above these 
levels, making these nerve roots more susceptible to compres¬ 
sion by disc protrusion and osteophyte formation than those in 
the levels above. According to Hadley (80), the lumbar nerve 
roots occupy from 17 to 2 5 % of the upper aspect of the foram¬ 
ina. Epstein et al. (72) found that intervertebral foramina in 
normal cadavers have a sagittal diameter approximately equal 
to that of both the foramen and neural canal, but they are con¬ 
sistently 2 to 3 mm less in the lower three lumbar segments, 
where the nerve roots are larger. 

Eisenstein (81) measured the sagittal diameters of 2166 
lumbar vertebrae of 4 33 adult skeletons and found the overall 
lower limit of normal sagittal diameter to be 15 mm. Of the 
2166 vertebrae, 6.3% showed midsagittal stenosis, with none 
less than 1 1 mm. Midsagittal stenosis was twice as frequent as 
other types of stenosis. Eisenstein felt the structural reason to 
be an increase in the interlaminar angle (shortening of the lam¬ 
inae) rather than a shortening of the pedicle. 

To evaluate the width of the spinal canal when diagnosing 



Figure 4.15. Tracing of a radiograph showing the method of locating 
the posterior border of the spinal canal. The posterior border of the canal 
at the fifth lumbar vertebra is consistently more posterior than is ex¬ 
pected. (Reprinted with permission from Eisenstin S. Measurements of 
the lumbar spinal canal in 2 racial groups. Clin Orthop 1976; 1 15:43.) 
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Figure 4.16. Radiograph demonstrating a well-developed sagittal di¬ 
ameter of the vertebral canal. 


spinal stenosis a study was conducted of 91 patients who were 
more than 59 years of age when undergoing myelography. Us¬ 
ing a sagittal diameter of 11 mm as the borderline value for the 
diagnosis of spinal stenosis, it was found that 51 of the 66 pa¬ 
tients with spinal claudication, suspicion of spinal claudication, 
and sciatic pain fulfilled this criterion, and 3 of 25 of the con¬ 
trol group and those with atypical symptoms had a sagittal di¬ 
ameter of 11 mm or less. Five patients showed a complete 
block on the myelogram, and all of them had a typical spinal 
claudication. The spinal canal narrows with age in asympto¬ 
matic patients as well, and the myelographic finding of stenosis 
in elderly patients is not always indicative of a clinical diagno¬ 
sis of spinal stenosis (82). 

In a prospective study, the incidence, causes, and manage¬ 
ment of atypical claudication were investigated. All patients 
were clinically assessed, with Doppler ultrasound studies and 
radiographs performed on the lumbosacral spine; some had 
epidural injections, myelography with computerized axial to¬ 
mography, and arteriography. The incidence of atypical claudi¬ 
cation was low—1 3% of all claudicants. Although difficulties 
in diagnosis were encountered, spinal and arterial causes were 
found to have an approximately equal incidence. Only one pa¬ 
tient had a definite central spinal stenosis. The need for inva¬ 
sive investigations was low (1 8%) and the need for surgery was 
even lower (7%); most oj the patients' symptoms responded to con¬ 
servative management (83). 



Figure 4.17. Radiographs of a stenotic vertebral canal in a patient with symptoms of intermittent neu¬ 
rogenic claudication. A. Retrolisthcsis of L5 on the sacrum (arrow). B. Stenosis measurements. 
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Figure 4.18. Computed tomography scan of the superior aspect of the fifth lumbar spinal canal demon¬ 
strating the measurements of interpedicular distance (A); interfacet distance (B); midsagittal diameter (C); 
and cross-sectional area (D). (Reprinted with permission from Kornbcrg M, Rcchtinc GR. Quantitative 
assessment of the fifth lumbar spinal canal by computed tomography in symptomatic 1.4-1.5 disc disease. 
Spine 1985;10(4): 329.) 


OPERATIVE TREATMENT IN CASES OF 
SMALL CANALS 

Interpedicular distance, interfacet distance, midsagittal diame¬ 
ter, and cross-sectional area at the upper aspect of the fifth lum¬ 
bar spinal canal were measured from the CT scans of the spine 
performed during a period of 1 year (Fig. 4.1 8) (84). The pa¬ 
tients were divided into four groups. Group 1(25 patients) was 
the normal control group. Group 2 was composed of 29 symp¬ 
tomatic patients who were thought to have an L4— L5 herniated 
nucleus pulposus (HNP) by CT and did not undergo surgery. 
Group BA was made up of 24 patients who underwent an 
L4— L5 discectomy and had favorable results, and group BB 
(three patients) included those who failed to improve follow¬ 
ing surgery. 

The patients who are likely to undergo operative treatment 
have a midsagittal diameter that is less than 1 .6 cm and a cross- 
sectional area that is greater than 2.5 cm 2 . 

Surgical treatment is not advocated on the basis of canal size; 
however, a small canal size should suggest to the physician that the 
prognosis for resolution of symptoms is less than favorable (84). 

Accuracy of Plain Film Stenosis Markings 

The sagittal dimensions of five lumbar vertebra canals tended 
to be more shallow in patients undergoing operation for lum¬ 


bar radiculopathy than in a group of controls. The more fre¬ 
quent occurrence of radiculopathy in patients with small canals 
can be explained by the fact that only a small protrusion of in¬ 
tervertebral disc, or any other structural abnormality, can im¬ 
pinge on the nerve. The sagittal diameter can be obtained eas¬ 
ily from the lateral radiograph and, therefore, requires no 
invasive or expensive tests. This measurement is helpful in in¬ 
terpreting myelographic defects and in planning and perform¬ 
ing operations on patients with radiculopathy (28). 

An association is noted between lumbar radiculopathy and a 
narrow sagittal diameter of the lumbar vertebral canals. Ab¬ 
normalities of intervertebral discs, vertebrae, ligaments, blood 
vessels, and nerves have been incriminated—individually and 
in combinations—in lumbar radiculopathy, but attempts to 
understand the pathophysiology and to improve the results of 
treatment have concentrated heavily on the intervertebral 
discs. Many pathologic, psychological, occupational, and ana¬ 
tomic factors that may be important in patients with lumbar 
radiculopathy have not been addressed. 

Although often used interchangeably, the terms “spinal 
canal” and “vertebral canal” are not synonymous. Each per¬ 
son has one spinal canal bounded by bone and ligaments but 
many vertebral canals, one in each vertebra. Therefore, mea¬ 
surements based on bony landmarks apparent on radi¬ 
ographs, accurately speaking, are measurements of the ver¬ 
tebral canals (28). 
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Accuracy of Plain Film Stenosis Measurement 

The role of the narrow lumbar spinal canal in back and sciatic 
pain is well established. Accuracy of measurements obtained 
from lumbar radiographs was therefore analyzed in lumbar 
spine specimens taken from 1 32 male cadavers. After removal 
of soft tissues, the same distances were measured on the bones 
of 80 specimens. After correction for magnification, compari¬ 
son were made, and the average radiographic measurements of 
intcrpedicular distances were 2 mm greater than the osteologic 
ones at L3, and 4 cm greater at L5. Interarticular distances, mid- 
sagittal diameters, and pedicular lengths, on average, were 1 
mm greater, and foraminal AP measurements were 1 mm less 
than the osteologic ones. These results confirm and amplify pre¬ 
liminary observations and indicate the potential value of simple 
measurements on lumbar spine films as an alternative to more 
sophisticated and expensive radiologic investigations (85). 

Midsagittal diameter (MSD) and interpedicular distance 
(IkD) in the thoracolumbar junctional region (T10—LI) of 24 
male cadaveric spines were measured both from radiographs 
and directly from bones after removal of the soft tissues to as¬ 
sess the accuracy of plain radiographs. The mean difference be¬ 
tween bone and radiographic measurements in the IPD on dif¬ 
ferent vertebral levels was 1.0 mm (r = 0.98) (86). 

Measurements of the size and shape of the lumbar spinal 
canal obtained from survey lumbar radiographs have been 
shown to be valid as compared with bony specimens from ca¬ 
davers (25). 

Borderline Depth for Stenotic Canal 

Radiographs were reviewed of the lumbosacral spine from 29 
patients (1 5 men and 14 women) who had undergone lumbar 
laminectomy on the neurosurgical service of the Peter Bent 
Brigham Hospital for radiculopathy caused by protrusion of 
one or more lumbar intervertebral discs (28). The age and sex 
of each patient were recorded, along with the following mea¬ 
surements from each of the five lumbar vertebrae: (a) sagittal 
diameter of the vertebral canal at the midpoint of the vertebral 
body; (b) interpediculate diameter of the vertebral canal; (c) 
sagittal diameter; and (J) transverse diameter of the middle of 
the vertebral body. Measurements of the sagittal diameter of 
the vertebral canals were made in a manner similar to that de¬ 
scribed by Eisenstein. All radiographs were made using the 
standard 40-inch target film distance. Measurements were 
made without knowledge of which patients were the controls 
and which had undergone operation (28). 

None of the controls had a vertebral canal that was less than 
15 mm in depth—the commonly accepted lower limit of normal 
depths for all lumbar vertebrae—and two were exactly 1 5 mm. 
Nine of the surgical patients had a total of 10 vertebrae measur¬ 
ing less than 1 5 mm and 1 1 vertebrae exactly at that value. 

Results showed that the mean sagittal diameters of the lum¬ 
bar canals (all five were significantly more shallow in patients 
operated for “lumbar disc disease” than in a control group, al¬ 
though nearly all were within the normal range. This was de¬ 
termined from simple measurements taken from lateral radi¬ 


ographs of lumbar spines. In relatively large vertebral canals, a 
prolapsed or protruding disc can displace epidural fat or dura 
or even alter slightly the course of a nerve root but without sig¬ 
nificantly compressing it. In a small vertebral canal, little or no 
“extra” space is found, and therefore a small encroachment into 
the canal can cause the nerve to impinge against the bone. Thus, 
an association between the size of the canal and the occurrence 
of radiculopathy can help in understanding asymptomatic pa¬ 
tient with myelographic evidence of protruding disc and symp¬ 
tomatic patients with small protrusions. This interpretation of 
the data supports Verbest’s opinion that, “in the presence of a 
narrow although not normally narrow lumbar vertebra canal, 
additional slight deformities, such as posterior lipping or small 
disc protrusion can produce symptoms of compression” (87). 

I n summary, less anatomic change is required to impinge on the 
nerve root in a small canal (28). 

GRADING SYSTEM 

Rothman and Glenn (88) use a grading system to evaluate 
pathology of the intervertebral disc, intervertebral foramen, 
facet joints, and vertebral canal (Figs. 4.19 -4.25). 

Figure 4.19 shows that this grading system is based on 
foraminal stenosis, disc protrusion size, and facet hypertrophy. 
This system allows optimal understanding of the stage of patho¬ 
logic degeneration. The foraminal sagittal view demonstrates 
the foraminal opening and the entrapment of the nerve root by 
soft tissue or bony stenosis. Disc protrusion is graded by how 
many millimeters of bulge enters the vertebral canal. For ex¬ 
ample, a 5-mm protrusion is grade 4. Rothman and Glenn 
point out that a grade 4 disc or anulus protrusion has greater 
significance in a congenitally small spinal canal than in a large 
spinal canal. 

The fourth row (facet joint axial view) reveals the progres¬ 
sion of facet joint abnormality. The fifth row (central canal ax¬ 
ial view) determines the vertebral canal shape and size and its 
lateral recesses. Bone or soft tissue can be responsible for the 
stenosis. 

Specific Imaging Stenosis Causes 

Disc Bulge into Vertebral Canal: Figure 4.20 shows the slight phys¬ 
iologic bulge of the disc, with the anulus fibrosus extending 
some millimeters beyond the bony end plates. 

Degenerative Osteophytic Changes in the Foramen: Figure 4.21 
shows marked foraminal narrowing caused by degenerative 
osteophytic ridging arising from the vertebral end plate. 
Facet Syndrome Subluxation Changes: Figure 4.22 shows a typical 
facet syndrome in which the superior facet below creates 
foraminal encroachment as it telescopes upward. This sagit¬ 
tal reformation shows the marked narrowing of the L4--L5 
intervertebral disc space, allowing the upward subluxation 
of the superior L5 facet into the neural foramen. Note how 
widened the facet joint space appears. 

Disc FJerniation: Figure 4.2 3 shows a grade 4 (5 mm) disc her¬ 
niation at L4 -L5 and a 3-mm bulge of the anulus at L5—SI. 
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Schematic Diagram 14" x 17" Film Layout Film Quadrant Detailed Blow-Up 



Axial scans are taken evey 3 mm. Each axial image has coronal tick Axial images are numbered from See also sagittal # 11 and coronal 


marks on the slide and sagiltal tick inferior to superior and viewed from #10. 
marks on the top or boitom. Arrows below, 
indicate the counting direction. 



Sogittai images are produced every Each sagittal image has axial tick Sagittal images are numbered left See atso axial # 16 and ttO 

3 mm from left to right. marks on the side and coronal tick to right and viewed from the left. 


marks on the bottom. Arrows indicate 
the counting direction. 


c 

o 

R 

O 

N 

A 

L 



Coronal images are produced every Each coronal Image has axial tick Coronal images are numbered See also axial # 16 and sagHJai # 11 

3 mm from poster!dr to anterior. marks on the side and sagiftal tick from posterior to anterior and viewed 


marks at the bottom. Arrows indicate from posterior, 
the counting direction. 


c 

o 

R 

O 

N 

A 

L 


Figure 4.19. Grading system used by Rothman and Glenn to evaluate pathology of the intervertebral 
disc, intervertebral Foramen, Facet joints, and vertebral canal. (Courtesy of Steven Rothman, Ml). In: 
Rothmann SLG, Glenn WV. Multiplanar CT of the Spine. Rockville, Ml): Aspen, 198 5:28, 29.) 


Stenosis: Absolute stenosis of the central canal exists when it 
measures 10 mm or less in its midsagittal diameter. In these 
cases, cauda equina syndrome can occur with no other evi¬ 
dence of soft tissue or bony encroachment. Relative steno¬ 
sis is present when the midsagittal diameter is 1 0 to 12 mm 
(88). In that case, slight degenerative change can cause fur¬ 
ther stenosis because the reserve capacity is so reduced 
within the vertebral canal. Little further encroachment is 
required to cause symptoms. 

Developmental Stenosis: Figure 4.24 shows developmental cen¬ 
tral stenosis of a 9-mm canal with a 6-mm LT L5 disc pro¬ 
trusion into it. This could be symptom producing, as the po¬ 
tential exists for great nerve compression. 

Acquired Lateral Recess Stenosis: Lateral recess stenosis caused by 
facet hypertrophy is seen in Figure 4.25. Here, the superior 
articular process has subluxated upward into the neural fora¬ 
men and entraps the exiting nerve root. 


CAUSES OF STENOSIS 
Central Stenosis 

Central stenosis is found at the intervertebral level, and it is 
caused by hypertrophic facets, ligamentum flavum buckling or 
hypertrophy, disc protrusion, and degenerative spondylolis¬ 
thesis. Imaging studies (e.g., MRI or myelography) can vividly 
show the pathoanatomy of central stenosis. With CT, mid¬ 
sagittal lumbar canal diameters less than 10 mm are indicative 
of absolute stenosis, and less than 1 3 mm arc indicative of rel¬ 
ative stenosis (48). 

Trefoil-Shaped Vertebral Canals 

Trefoil-shaped canals are developmental in origin, and they are 
found at the L5 level with an overall prevalence of 25%. The 
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Figure 4.19. —continued 


midsagittal diameter in the trefoil canals is significantly smaller 
than in the unaffected canals (89). 


Stenosis Incidence in Disc Herniation 

Computed tomography and transverse axial tomography 
(TAT) were used to study the lumbar spines of 164 patients 
with persistent or recurrent low back pain and/or radiculopa¬ 
thy. Of those patients with previous spinal f usion and those 
with previous discectomy, 43% and 28%, respectively, dem¬ 
onstrated bony stenosis of the lumbar spinal canal. Of the pa¬ 
tients who underwent surgery for this narrowed canal, 91% 
showed clinical improvement (90). 

Case histories are reported of four brothers with lum- 
bosciatic syndrome caused by acute disc herniations and asso¬ 
ciated spinal stenosis. Hereditary factors, although not hith¬ 
erto reported, may be implicated for these spinal lesions, 
as the parents had also undergone spinal operations previ¬ 
ously (91). 

Midsagittal diameter as measured by diagnostic ultrasound 
was smaller in patients with symptomatic disc lesions than in 
asymptomatic subjects, and the narrowest canals were re¬ 
ported in the patients who required surgical treatment (84). 

Coxhead et al. (92) measured radiographs from a series of 
1 58 patients undergoing conservative treatment for sciatic 
symptoms. They found an association between neurologic signs 
and narrowing of the interarticular distance at L4 and L5 and 
narrowing of the midsagittal diameter at L5. 

Baddeley (93) found narrowing of the interarticular dis- 



Figure 4.20. Oise Inline into vertebral canal. (Courtesy of Steven 
Rothman, MO. In: Rothman SI.G, Glenn WV. Multiplanar CT of the 
Spine. Rockville, MO: Aspen, 1985:77.) 
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Figure 4.21. Grade 4 moderate foramina! narrowing. A. Diagram. B. 
Sagittal reformation on a patient with a grade 4 neural foramen. Note the 
degenerative osteophytic ridging arising from the vertebral end plate. 
The coded diagnosis is 40R (osteophytic ridging). (Courtesy of Steven 
Rothman, Ml). In: Rothman SLG, Glenn WV. Multiplanar CT of the 
Spine. Rockville, Ml): Aspen, 1985:91.) 


tance, pedicular length, and midsagittal diameter in the groups 
of patients with disc prolapse and with the cauda equina syn¬ 
drome. 

Kornberg and Rechtine (84) found, in comparing normal 
patients with those having symptoms of herniated disc, that 
symptomatic patients with an L4—L5 herniated nucleus pulpo- 
susseen on CT who did not undergo operative treatment had 
smaller canals than did the control group. Patients requiring 
discectomy were found to have smaller canals when compared 
with the nonoperative group. Failed surgical cases were found 
to have smaller canals than successfully operated cases. Finally, 
Kornberg stated that smaller canal size should suggest a poor 
prognosis for these cases. 


Ramani (26) found a trend toward a narrower than normal 
canal in patients with prolapsed discs. He concluded that, in pa¬ 
tients with prolapsed lumbar discs, the canal tends to be nar¬ 
rower than normal, and that such narrowing enhances the ef¬ 
fect of any disc protrusion, leading to severe symptoms of back 
and leg pain. He used plain Him lateral radiographs to measure 
the AP diameter of the spinal canal from the midline of the back 
of the vertebral body to the base of the opposing spinous 
process. Ratios ofbody:canal were calculated, with 1:2.5 be¬ 
ing normal and 1:4.5 being stenotic. 

Free Fragments As Cause of Stenosis 

Schmorl examined, in detail, the spines from 10,000 autop¬ 
sies, and Andrae further examined some of SchmorPs mater¬ 
ial (368 spines). Findings were that 1 1.5% of the male and 
19.7% of the female spines had a posterior prolapse of inter¬ 
vertebral disc beneath the posterior longitudinal ligament, and 



Figure 4.22. Foraminal encroachment due to upward subluxation of 
a facet. Sagittal reformation reveals a narrowed M—L5 intervertebral disc 
space. The superior facet of L5 is herniated upward into the neural fora¬ 
men (arrow). The facet joint space is abnormally widened as well. (Cour¬ 
tesy of Steven Rothman, MD. In: Rothman SLG, Glenn WV. Multipla¬ 
nar CT of the Spine. Rockville, MD: Aspen, 1985:93.) 
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Figure 4.23. Grade 4 disc herniation. A. Sagittal and axial diagrams of a 5-mm disc herniation. B. Ax¬ 
ial scan demonstrates a 5-mm central herniated disc. C. Sagittal reformation demonstrates a 5-mm L4 L5 
disc herniation and a 5-mm bulge of the anulus at L5-S1 (arrow). (Courtesv of Steven Rothman, MI). In: 
Rothman SLG, Glenn WV. Multiplanar CT of the Spine. Rockville, MD: Aspen, 1985:97.) 
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Figure 4.24. Developmental central stenosis. A. A sequence of axial scans demonstrates congenitally 
short pedicles and lateral canal indentation ( arrowheads ) by prominent superior articular processes and lam¬ 
ina. B. Midsagittal reformation demonstrates a narrow spinal canal and an L4-L5 disc (arrowheads). (Cour¬ 
tesy of Steven Rothman, MD. In: Rothman SLG, Glenn WV. Multiplanar CT of the Spine. Rockville, MD: 
Aspen, 1 985:199.) 



Figure 4.25. Lateral canal stenosis (subarticular recess stenosis). Axial soft-tissue views demonstrate 
prominent lateral subarticular stenosis. The descending roots are compressed between the superior artic¬ 
ular process and the disc space (arrow's:). (Courtesv of Steven Rothman, MD. In: Rothman SLG, Glenn WV. 
Multiplanar CT of the Spine. Rockville, MD: Aspen, 1985:2§5.) 
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more than one half of the spines with this prolapse had more 
than one. The percentage that was symptomatic was not 
known, but if the results can be extrapolated to current, liv¬ 
ing populations, then relatively few herniations become symp¬ 
tomatic or, at least, sufficiently symptomatic to require surgi¬ 
cal attention (28). 

Ligamentum Flavum Hypertrophy 
in Stenosis 

Ligamentum ilavum hypertrophy is significantly more often en¬ 
countered in patients with spinal stenosis as seen on CT scans, 
and pathologic and immunohistochemical studies. This thick¬ 
ening is by three modes: 

1. Fibrocartilage change caused by proliferation of type II col¬ 
lagen 

2. Ossification 

3. Calcium crystal deposition 

It is important that hypertrophied ligamentum flavum be re¬ 
moved completely from the medial side of the superior facet in 
the capsular portion to relieve stenosis (94). 

Calcium Pyrophosphate Dihydrate 
Crystal Deposition 

Calcium pyrophosphate dihydrate crystal deposition in the 
ligamentum flavum occurred in 24.5% of surgical patients 
and may indeed be associated with the thickening of the liga¬ 
ment (95). 

Ligamentum Flavum Bulging 

In spinal stenosis, Hbrotic changes, chondroid metaplasia, and 
calcification reduce the elasticity of the ligaments, which may 
thus bulge into the spinal canal in the standing position even if 
their thickness is normal. 

In lumbar spinal stenosis, ligamenta flava play a major role 
in the compression of the nerve structures in the standing po¬ 
sition and extension of the lumbar spine. It is still unclear 
whether the ligaments bulge into the spinal canal because they 
are thickened or they arc simply pushed into the bulging posi¬ 
tion by hypertrophied articular processes (96). 

Ligamentum Flavum Fibers Attach to the 
Facet Capsule 

The fibrous capsule is thick in the dorsal portion of the facet joint, 
and its outermost fibers arc intimately interwoven with the mul- 
tifidi muscle’s insertion on the lamellary process of the vertebra. 
The presence of elastic fibers appears to increase in the transition 
/.one between the capsular ligament and the ligamentum flavum. 
Elastic fibers from the ligamentum flavum are particularly abun¬ 
dant near the superior and inferior ends of the joint (97). 


Ligamentectomy for Central Stenosis 

Degenerative central lumbar stenosis and complete myelo- 
graphic block of the cauda equina by thickened ligamentum 
flavum in normal canals can cause symptoms. The dural sac can 
be decompressed by selective resection of the ligamentum 
flavum, and bilateral ligamentectomy can be perf ormed via uni¬ 
lateral laminotomy (98). 

TRANSFORAMINAL LIGAMENTS 
CAUSE STENOSIS 

Four lumbar spines, including T1 2 and in one case Til, were 
obtained from embalmed cadavers and carefully dissected to 
expose the contents of the intervertebral foramen. 

Transforaminal ligaments were found to be present at the 
exit zones of 71.4% of lower thoracic and lumbar interverte¬ 
bral foramina. Figure 4.26 shows the types of transforaminal 
ligaments encountered, and the superior to inferior dimension 
of the compartment transmitting the ventral ramus of the 
spinal nerve is significantly decreased as compared with the os- 




Figure 4.26. The types of transforaminal ligaments encountered in 
this study (n = 55): (1) inferior transforaminal ligament (n = 22); (2) 
superior transforaminal ligament (n — 13); (3) superior corporo-trans- 
verse ligament (n = 10); (4) inferior corporo-transverse ligament (n = 
2); (5) oblique superior transforaminal ligament (n = 7); and (6) poste¬ 
rior transforaminal ligament (n = 1). (Reprinted with permission from 
Bakkum BW, Mcstan M. The effects of transforaminal ligaments on the 
sizes of T1 1 to L5 human intervertebral foramina. ] Manipulative Phys¬ 
iol Ther 1 994; 17(8):51 7—522. Copyright 1994, Williams & Wilkins.) 
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seous intervertebral foramen (mean decrease — 31.5%). Of¬ 
ten, less space is found at the exit zone of the intervertebral 
foramen for the emerging ventral ramus of the spinal nerve 
than traditionally thought. This decreased space may be a con¬ 
tributing factor to the incidence of neurologic symptomatol¬ 
ogy in this region, especially after trauma or with degenera¬ 
tive changes (99). 

BURST FRACTURES OF 
THORACOLUMBAR SPINE 

Five adult patients with burst fractures of the low thoracic 
and lumbar spines associated with intracanalar displacement 
showed total or subtotal resorption of the retropulsed fragment 
in all patients, with spontaneous remodeling of the spinal canal. 
Loss of mechanical loading and rhythmic respiratory oscilla¬ 
tions in cerebrospinal fluid pressure are both important factors 
in the mechanism of bone resorption (100). 

DEGENERATIVE SPONDYLOLISTHESIS 

Fifty percent of patients with bilateral claudication have a de¬ 
generative spondylolisthesis, with a second level of more prox¬ 
imal stenosis (101). 

Case 1 



Figure 4.27. L4 degenerative spondylolisthesis on 1.5 is seen with pos¬ 
terior disc space narrowing, which represents instability of the disc. 


A 71-year-old woman complained of weakness of the calf mus¬ 
cles on walking with aching of the low back and posterior thigh 
muscles. In examining her, it is discovered that she cannot walk 
on the right toe because of weakness of the right gastrocnemius 
muscle and the right Achilles reflex is diminished compared with 
the left side. 

Figures 4.27 to 4.29 are imaging showing in Figure 4.27 de¬ 
generative spondylolisthesis of L4 on L5 (arrow). Figure 4.28 
points out that the facet joints at L4-L5 and L5-S1 are sagittal 
and that the L2-L3 disc is degenerated as well. Figure 4.29 
shows vacuum change within the disc with extensive degenera¬ 
tion and internal disc disruption. Note the facet hypertrophic 
changes narrowing the lateral recesses and osseoligamentous 
canals, (arrow), whereas the ligamentum flavum hypertrophy 
(arrowhead) creates posterior canal stenosis by encroaching on 
the cauda equina. 

This patient underwent decompression laminectomy and I 
videotaped the surgery showing that this thickened ligamentum 
flavum is firm and difficult to remove. Following removal of the 
ligamentum flavum, the patient had excellent relief of her symp¬ 
toms. 


Spondylolisthesis Slippage 

Preoperative spondylolisthesis and a postoperative change in 
spondylolisthesis portend a poor outcome. Patients with mild 
preoperative spondylolisthesis develop a larger slip after the 
procedure than do those with no preoperative slip. Women 
and patients with preoperative spondylolisthesis may require 
changes in existing treatment modalities to improve outcome 
or alterations in long-term expectations after lumbar decom¬ 
pression for stenosis (102). 



Figure 4.28. The L4- L5 and L5 SI facet joints are bilaterally sagittal 
and the L2—L3 disc space is narrowed with degenerative changes noted. 
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Figure 4.29. Axial CT scan shows vacuum change within the L4—L5 
disc, which represents internal disc disruption and instability. Also note 
the ligamentum flavum hypertrophy ( arrowhead ) and the lateral recess 
stenosis due to Facet hypertrophic changes (arrow). Note the stenotic 
space For the cauda equina in a patient with progressive neurologic 
deficits. 

Degenerative Lumbar Scoliosis Causes 
Unilateral Claudication 

In unilateral claudication, 50% of patients have a degenerative 
lumbar scoliosis, with central stenosis at the apex of the curve 
and an asymmetric distal root canal stenosis (60). Two cases of 
degenerative scoliosis From my practice are presented. Figure 
4.30 shows dextrorotatory scoliosis of the lumbar spine with 
extreme right lateral listhesis subluxation of L2 and L3 at the 
apex of the scoliosis. Note the indentation of the right L4-L5 
dye-filled subarachnoid space by disc herniation that amputates 
the right L5 nerve root (arrow). Note also the extreme LI—L2 
degenerative disc disease with vacuum change within the nu¬ 
clear material ofthe disc (arrowhead). 

I have found these type of scoliotic degenerative spines in 
late middle-aged and elderly patients to be resistant to vector 
or forceful adjustments. The best care, in my opinion, has 
been gentle distraction with lateral f lexion added to the dis¬ 
traction position of the lumbar spine. Caref ul tolerance test¬ 
ing of the patient needs to be done prior to applying distrac¬ 
tion adjustments. Side posture adjustments in these patients 
can be met with resistance and pain. This is one condition in 
which I feel the best adjustment therapy is distraction adjust¬ 
ment. 

A second case of degenerative scoliosis with stenosis of the 
lumbar spine is shown in Figure 4.31 (arrow), in which the ax¬ 
ial myclographically enhanced CT scan shows distortion ofthe 
cauda equina caused by the rotational subluxation ofthe lum¬ 
bar vertebra. In Figure 4.32, note the indentations into the 
anterior dye-filled thecal sac (arrows) caused by the combined 
discal bulge and rotational subluxation deformation ofthe dye- 
filled column. Tractioning of the cauda equina can occur when 
such scoliosis deformation takes place. 

Such conditions are again treated under gentle distraction 
with mild derotation of the scoliosis vertebral body subluxa- 



Figure 4.30. Dextrorotatory scoliosis ol the lumbar spine is seen with 
extreme L2 L3 rotational and lateral listhesis subluxations at the apex ol 
the curve. The 1.1 1.2 disc space is markedlv narrowed with vacuum 
change (arrowhead). The 14-1-5 level shows indentation ol the dye filled 
subarachnoid space bv disc herniation that amputates the exiting nerve 
root (arrow). 



Figure 4.31. Note the distortion ol the mvelographicallv enhanced 
cauda equina bv the rotational subluxation of the vertebra ( arrowhead ). 
The Facet joints disclose this rotation subluxation with degeneration 
within the Facet joints. 

tions. Lateral flexion, gently applied, can be added into the 
convexity of the curve according to patient tolerance. Mobil¬ 
ity, when gently added to these scoliotic spines, can be sedat¬ 
ing and pain relieving to the patient. 
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Figure 4.32. The arrowheads identify the indentations into the anterior 
dye-filled subarachnoid space by combined discal bulging and rotational 
subluxations of the vertebrae. Such curvature creates tractioning on the 
cauda equina. 


Ossification of Posterior Longitudinal 
Ligament in Stenosis 

An enlarged and ossified posterior longitudinal ligament, a rare 
cause of spinal stenosis syndrome, can occupy up to 80% of the 
cervical spinal canal, resulting in severe, sometimes perma¬ 
nent, myelopathy. 

Ossification of the posterior longitudinal ligaments (OPLL) 
has also been found in the thoracic and lumbar spine. Minorv 
found major differences between the clinical presentation of 
thoracic and lumbar OPLL and those of cervical OPLL. Tho¬ 
racic OPLL is nearly always asymptomatic, and it aff ects women 
three times more often than men, whereas cervical OPLL oc- 
curspredominantly in men. The upper thoracic and midthoracic 
spinal area is affected most often in thoracic OPLL (106). 


Dialysis 

A connection between dialysis and stenosis caused by the de¬ 
position of dialysis-associated amyloid into the ligamentum 
flavum is reported (107). Long-term hemodialysis patients can 
develop cauda equina compression as the consequence of (3 2 
microglobulin amyloid deposition in lumbar intervertebral 
discs, facet joints, and ligaments. Magnetic resonance imaging 
is well suited to show the extent of the compression, and it sup¬ 
ports the argument for the amyloid origin of extradural soft tis¬ 
sue (108). 


Pseudogout Associated with Lumbar 
Spinal Stenosis 

A 62-year-old man demonstrated symptoms, signs, and radi¬ 
ographic evidence of lumbar spinal stenosis and intraoperative 
pathologic findings of tophaceous deposition in the ligamentum 
flavum (103). 

NONDISCAL CAUSES OF STENOSIS 

In a consecutive series of 600 patients scanned by CT for vari¬ 
ous spinal diseases, those with low back and sciatic pain with¬ 
out disc herniation were selected for study. Causes of the pain 
proved to be joint facet degeneration (32 cases), stenosis of the 
neural foramina (1 3 cases), stenosis of the spinal canal (1 3 
cases), lateral recess stenosis (6 cases), and spondylolisthesis (6 
cases). The predominance of joint facet pathology as the un¬ 
derlying cause of low back and sciatic pain in the absence of disc 
herniation was confirmed. CT scanning of the soft tissues as 
well as of the skeletal structures is crucial to the causative di¬ 
agnosis of the condition under study and hence to the proper 
planning of treatment (104). 

Pagetoid spinal stenoses can occur in three stages as a pro¬ 
gressive clinical syndrome. Several diagnostic procedures, 
including CT, are analyzed to introduce the concept of spinal 
reserve capacity (SRC). Treatment with calcitonin is recom¬ 
mended at the appropriate stages of the syndrome (105). 


Cauda Equina Syndrome 

Cauda equina syndrome (CES) is characterized by low back 
pain, sciatica, lower limb motor weakness and sensory deficits, 
saddle anesthesia, bowel and bladder dysfunction, and occa¬ 
sionally paraplegia. The syndrome is classified according to 
onset: rapid or slow. Rapid onset CES, because of its charac¬ 
teristic presentation, is easily recognized. The slow, chronic 
progression and varying presenting signs and symptoms of slow 
onset CES often mimic mechanical low back pain, making the 
diagnosis difficult in its early stages. Anyone having multiple 
episodes of back pain could be suspected of having CES, be¬ 
cause such definition appears to be diagnostic of CES from the 
first episode (109). 

TREATMENT 

Conservative Versus Surgical Care 

Surgical treatment of lumbar stenosis should be considered 
only after an adequate trial of conservative therapy, such as ex¬ 
ercises, supports, medications, and manipulation, has failed. 
Conservative therapy should be continued indefinitely as long 
as pain is tolerated (1 10). According to Wiltse et al. (Ill), 
neurologic changes alone are rarely indications for surgery. 

Ben-Eliyahu et al. (112) state that recent studies show that 
spinal manipulation can provide relief and should be considered 
before surgical ref erral is made for decompression. 
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Drug Treatment 

Pentoxifylline is approved by the Food and Drug Administra¬ 
tion for the treatment in patients with intermittent claudication 
on the basis of chronic occlusive arterial disease of the limbs. It 
is not a substitute for surgical bypass or removal of arterial ob¬ 
structions, but it will improve function and alleviate symptoms 
of the disease state. The mechanism by which pentoxifylline 
works is not well known, but it appears to be related to ery¬ 
throcyte adenosine triphosphate (ATP) concentrations and 
the phosphorylation of erythrocyte membrane proteins, both 
mechanisms resulting in an improvement in erythrocyte flexi¬ 
bility. Efficacy studies indicate that pentoxifylline is signifi¬ 
cantly more effective than placebo or nylidrin hydrochloride 
therapy. Adverse reactions are mainly of the gastrointestinal 
type, and they are minimized by the use of controlled release 
dosage form (1 1 3). 

Mesoinositol hexanicotinate (Hexopal), a derivative of nico¬ 
tinic acid, has been used for some years in the symptomatic 
treatment of various vascular disorders including intermittent 
claudication. It can be concludedfroma double-blind, placebo- 
controlled study, that Hexopal was effective, confirming pre¬ 
viously published reports (1 14). 

Long-term treatment produced no significant changes in in¬ 
termittent claudication (IC) (140 ±50 m), and clinical deterio¬ 
ration occurred in three patients. The rise in hyperemic venous 
resistance (VR) implies an adverse effect on blood flow proper¬ 
ties in the ischemic limb. These findings do not support a bene¬ 
ficial ef fect on exercise tolerance, hemodynamics, or hyperemic 
perfusion during maintenance therapy with pentoxifylline, and 
they suggest a detrimental effect in some patients (115). 

Side Effects of Surgery for Stenosis 

Anterior vertebral body slip after decompression for myelo- 
graphically verified spinal stenosis (AP diameter less than 1 1 
mm) was studied in 45 patients (32 men and 1 3 women). Mean 
age at the time of operation was 64 years. Degenerative 
spondylolisthesis was found in 20 patients and acquired spinal 
stenosis in 25. Postoperative slipping was seen in 18 patients. 
An enhanced risk of further slipping was seen in degenerative 
spondylolisthesis, but it did not influence the result of the op¬ 
eration (1 16). 

Six cases o f acute postdiscectomy CES following lumbar dis¬ 
cectomy were reviewed retrospectively in a series of 2842 
lumbar discectomies over a 10-year period. Five cases had co¬ 
existing bony spinal stenosis at the level of the disc protrusion. 
The bony spinal stenosis was not decompressed at the time of 
discectomy. Inadequate decompression played a role in the 
postoperative neurologic deterioration. The cause of the sixth 
case is unknown. Bowel and bladder recovery was good when 
the cauda equina was decompressed early; sensory recovery 
was universally good, and motor recovery was poor if a severe 
deficit had developed before decompression. Careful review of 
the preoperative myelogram to rule out spinal stenosis and de¬ 
compression of bony stenosis at discectomy is recommended to 


prevent postoperative CES. Urgent decompression of postop¬ 
erative CES is advisable if compression of the cauda equina is 
confirmed radiographically (117). 

Surgical Outcomes 

Sixty-nine decompressive laminectomy patients found, at 3 to 
6 years of follow-up, that 48% were very satisfied with their 
clinical result, 22% somewhat satisfied, 1 2% somewhat dissat¬ 
isfied, and 19% very dissatisfied (118). Reoperations, back 
pain, walking capacity, and satisfaction with surgery 7 to 10 
years after surgery for spinal stenosis found 2 3% of patients had 
undergone reoperation and 3 3% of respondents had severe 
back pain. Severe low back pain at the time of follow-up was 
strongly associated with patient dissatisfaction with the results 
of surgery, suggesting that patients may have expected that de¬ 
compression would relieve low back pain symptoms. These re¬ 
sults indicate that physicians should discuss with patients the 
differential ef fectiveness of surgery on back versus leg symp¬ 
toms (1 19). 

Although the 1-year follow-up results appear to be better 
for the surgically treated patients, few nonsurgically treated pa¬ 
tients experienced worse pain or require subsequent surgery, 
and 20% of the surgically treated patients report no improve¬ 
ment. Therefore, the decision to undergo surgery of any type 
for any condition remains an individual one. Although surgery 
provides a greater chance for rapid relief of symptoms, such re¬ 
lief is likely to occur gradually without surgery (1 20, 121). 

Unilateral Decompression and Contralateral Fusion 

A new surgical technique for the treatment of lumbar spinal 
stenosis features extensive unilateral decompression with un¬ 
dercutting of the spinous process and, to preserve stability, 
uses contralateral autologous bone fusion of the spinous pro¬ 
cesses, laminae, and facets. Of the patients with neurogenic 
claudication, 69% reported complete pain relief at follow-up 
review. Of those with radicular symptoms, 41 % had complete 
relief and 2 3% had residual pain. Low back pain was signifi¬ 
cantly relieved in 62% of all patients. This decompression pro¬ 
cedure safely and successfully treats not only the radicular 
symptoms caused by lateral stenosis but also the neurogenic 
claudication symptoms associated with central stenosis (122). 

Observation May Be an Alternative 
to Surgery 

During 1981—1989, 32 patients (24 men and 8 women) with 
spinal stenosis were observed; 24 patients had neurogenic clau¬ 
dication, 4 had radicular pain, and 4 mixed symptoms. Nine¬ 
teen patients had unilateral and 1 3 bilateral symptoms. All had 
back pain. Most nonoperated-on patients with spinal stenosis 
remained unchanged after 4 years and severe deterioration was 
not found. Observation seems to be an alternative to surgery, 
and immediate operation should be advised only if pain is in¬ 
tolerable or if neurologic symptoms develop (12 3, 124). Sur¬ 
gical treatment of spinal stenosis doesn’t have an impressive 
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track record. Although some studies suggest a success rate as 
high as 80%, a meta-analysis found the overall success rate in 
stenosis surgery to be 64% (124). 

No Correlation of Stenosis with Clinical 
Signs in Postoperative Patients 

No correlation has been determined between the narrowest 
area of the dural sac, the Oswestry score, back and/or leg pain, 
and walking capacity. CT scanning does not provide enough ev¬ 
idence on which to base clinical decisions in postoperative pa¬ 
tients with continuing symptoms. CT is a poor evaluation tool 
for what is essentially a soft tissue intersegmental disorder. CT 
scanning can adequately visualize the bony component of spinal 
stenosis, but not the soft-tissue component. Not everyone 
agrees with the view that MRI is the imaging method of choice 
in spinal stenosis (125). 

Postsurgical Success 

Only 12% of surgically treated patients for lumbar stenosis 
showed no bone regrowth, and the clinical results were satis¬ 
factory in most of the patients with mild or no bone regrowth 
and significantly less good in those with moderate or marked 
regrowth. The long-term results of surgery for lumbar steno¬ 
sis depend both on the amount of bone growth and the degree 
of postoperative vertebral stability (126). 

Back Surgery Satisfaction 

Unsatisfactory long-term relief of symptoms after primary 
back operations has been reported in 1 5 to 40% of patients. 
With the number of patients needing primary surgical treat¬ 
ment predicted to grow by about 65% by the year 2000, an in¬ 
creasingly large group of failed surgical patients is likely to 
cause a problem in diagnostic evaluation and management for 
the back surgeon. Previous back surgery has a significant wors¬ 
ening effect on the outcome of patients undergoing surgical 
procedures for lumbar spinal stenosis. Patients undergoing a 
surgical procedure for lumbar spinal stenosis 1 8 months after a 
previous back surgical procedure obtain as good an outcome as 
patients who have not undergone previous back surgical pro¬ 
cedures (127). 

Patients with predominance of back symptoms are signifi¬ 
cantly less satisfied with the results of surgery than patients 
with predominance of leg pain. Patients with worse functional 
status and increased comorbidity preoperatively are also less 
satisfied with surgery. These results may assist clinicians in cus¬ 
tomizing patient-specific estimates of the likelihood of success¬ 
ful surgery (128). 

Successful Surgery Reported into Eighth Decade of Life 

A total of 258 consecutive decompressive lumbar laminec¬ 
tomies performed on 244 individuals presenting with spinal 
stenosis showed a high degree of success (93% pain relief, 95% 
return to normal activity) was achieved in the short term, 


which was supported by longer term follow-up data (64% pain 
relief, 56% activity return, 75% satisfaction). 

Major conclusions arising from these data are (a) for all age 
groups through at least the eighth decade of life, decompressive 
lumbar laminectomy is a relatively safe operation having a high 
medium to long-term success rate; (b) lumbar instability fol¬ 
lowing laminectomy is rare, even in indiv iduals presenting prior 
to surgery with degenerative instability conditions; and (c) lum¬ 
bar fusion in addition to the decompressive laminectomy pro¬ 
cedure is rarely required for degenerative spinal stenosis (1 24). 

Overall, 64% of the 3 1 patients undergoing surgical de¬ 
compression for degenerative lumbar spinal stenosis had an ex¬ 
cellent result, 1 7% a good result, and 1 9% a poor result. The 
authors concluded that the long-term outcome of decompres¬ 
sive surgery in the elderly is good; it does not differ from that 
reported for younger patients (1 29). 

Bladder Dysfunction Aided by 
Decompressive Laminectomy in Elderly 

Lumbar spinal stenosis is a common problem in elderly pa¬ 
tients, causing typically intractable leg pain, but many patients 
also manifest varying degrees of bladder dysfunction. Lumbar 
decompressive laminectomy can have a beneficial effect on 
bladder dysf unction in a significant number of patients with ad¬ 
vanced lumbar spinal stenosis (1 30). 

Diabetes Mellitus Surgical 
Complications Higher 

Among diabetic patients, high rates of postoperative infection 
and prolonged hospitalization were found compared with the 
rates for the control group (131). Diabetic patients who have 
spinal stenosis find decompressive surgery a worthwhile pro¬ 
cedure, even in the presence of peripheral neuropathy (132). 

Trumpet Laminectomy 

Trumpet laminectomy is characterized by narrow laminec¬ 
tomy to minimize the damage to facet joints and the capsules 
and to facilitate complete removal of the ligamentum flavum 
and osseous dorsal wall of the lateral recess of the spinal canal. 
It has a lower incidence and lower grade of postoperative lum¬ 
bar scoliosis as well as less symptom recurrence (1 3 3). 

Total Laminectomy Compared with 
Multiple Laminotomy 

Multiple laminotomy is recommended for all patients with de¬ 
velopmental stenosis and for those with mild to moderate de¬ 
generative stenosis or degenerative spondylolisthesis. Total 
laminectomy is preferred for patients with severe degenerative 
stenosis or marked degenerative spondylolisthesis (134). De¬ 
generative disorders of the lumbar spine in patients older than 
70 years can be treated with no anesthetic complications and 
with 2-year results on par with those of decompressive surgery 
in younger patients (13 5). 
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THORACIC SPINE STENOSIS 

Thoracic stenosis is defined as a narrowing of the AP diameter 
of the thoracic spinal canal to less than 1 0 mm (1 36). Primary 
thoracic stenosis becomes symptomatic when ventral spurs of 
the uncinate processes, discal protrusions, limbus fractures, or 
ossification of the posterior longitudinal ligament impinge into 
the canal centrally. Hypertrophied short pedicles, ligamentum 
flavum, or arthrotic facet joints produce comparable postero¬ 
lateral spinal cord and thecal sac compression. 

Symptoms of thoracic stenosis include lower extremity 
weakness, characterized by fatigue, leg heaviness, paraparesis, 
or paraplegia, and sensory complaints varying from numbness 
and paresthesias to anesthesia, but with preserved sphincteric 
function (1 36). 

Thoracic Disc Herniation Treatment Results 

Thirty-three patients were treated with microsurgical en¬ 
doscopy for thoracic disc herniations using an anterior trans¬ 
thoracic approach. Follow-up examination revealed that all pa¬ 
tients were independent and ambulatory and had returned to 
normal activities within 1 month of surgery (137). 

Symptomatic thoracic discs requiring surgery are rare. Of 
71 patients operated on, 37% showed evidence of antecedent 
trauma. Preoperative symptoms included pain (77%), motor 
impairment (61%), other evidence of myelopathy (e.g., hy- 
perreflexia and spasticity) (58%), sensory impairment (61%), 
and bowel or bladder dysfunction (24%). Postoperative evalu¬ 
ation revealed improvement or resolution of pain (85%), hy- 
pcrreflexia and spasticity (96%), sensory changes (84%), 
bowel or bladder dysfunction (76%), and motor impairment 
(58%) (1 38). 

NONSURGICAL OUTCOMES 
Conservative Care Is Treatment of Choice 

In 145 patients with lumbar spinal stenosis, conservative treat¬ 
ment of physical therapy (infrared heating, ultrasonic dia¬ 
thermy, and active lumbar exercises) and salmon calcitonin was 
found to be the treatment of choice in elderly patients and in 
those patients without clinical surgical indications (1 39). Con¬ 
servative treatment modalities (140) include: 

• Bed rest or controlled physical activity 

• Nonsteroidal anti-inflammatory drugs 

• Analgesics 

• Muscle relaxants 

• Traction 

• Manipulation 

• Braces and corsets 

• Exercises 

• Back school 

• Trigger point injections 

• Physical modalities 


Calcitonin Treatment of Neurogenic Claudication 

Some authors reported that in patients with spinal stenosis of 
Paget’s and non-Paget’s disease who had been treated with cal¬ 
citonin, some beneficial ef fects on neurogenic claudication were 
observed. Calcitonin has a powerful central analgesic effect on 
the receptors in the hypothalamus. A secondary response on the 
hemodynamics of the cauda equina is reduction of venous en¬ 
gorgement, and improved arterial supply. Another possible 
beneficial action of calcitonin might be its anti-inflammatory ef¬ 
fect through inhibition of prostaglandin synthesis (139). 

Distraction Manipulation 

DuPriest (141) described the successful treatment of a patient 
with lumbar spinal stenosis using 1 2 treatments of flexion- 
distraction manipulation, deep tissue massage, ultrasound, 
therapeutic exercise, heel lift, and modification of activities of 
daily living. The patient was discharged from care asympto¬ 
matic in 3 weeks. Conservative treatment designed to increase 
lumbar flexion, thus increasing lumbar spinal canal volume, has 
a positive influence on the diminution of neural ischemia and its 
resultant neural dysfunction. Additional research is needed to 
elucidate these concepts. 



Figure 4.33. This sagittal T1 -weighted magnetic resonance image 
(MRI) shows extensive degenerative disc disease at all lumbar levels, 
more so in the midlumbar area with both anterior and posterior L2—L3 
to L5—SI disc herniations. 
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Lumbar Traction Found Effective for 
Spinal Stenosis 

Lumbar traction currently performed for low back pain and sci¬ 
atica management is not classically used in lumbar spinal steno¬ 
sis. Lumbar tractions are well tolerated and may be elf ective in 
symptomatic lumbar spinal stenosis. Moreover, despite cur¬ 
rent opinion, lumbar tractions are not contraindicated in el¬ 
derly patients who are frequently affected by lumbar spinal 
stenosis and in whom surgery may be problematic (142). 

Case 2 

[Case presentation of multiple level lumbar disc herniations with 
spinal stenosis in a post-decompression laminectomy patient] A 
76-year-old man is seen who had undergone a decompressive 
laminectomy from L2 through L5 because of the chief complaint 
of bilateral leg pain and intermittent claudication symptoms. Four 
years later, he developed severe low back and buttock pain on 
standing for a few minutes. 

Figure 4.33 reveals an MRI sagittal image showing extensive 
degenerative changes at all lumbar disc levels and both anterior 
and posterior disc protrusions at the L2-L3 through L5-S1 levels. 
Myelography (Figs. 4.34 and 4.35) shows the decompressive 
laminectomy extending from L2 through L5 (open arrows). Mas¬ 
sive osteophytes have ankylosed at the right L1-L2 level and left 
L2-L3 level. L2 is posterior on L3 with extensive end plate sclero¬ 
sis and retrolisthesis instability of L2 on L3. The L5-S1 segment 
shows vacuum change, and all lumbar discs demonstrate exten¬ 
sive degenerative changes. The myelographic column shows an 



Figure 4.34. The open arrows reveal the dye filled subarachnoid space 
within the area of the decompressive laminectomy from L2 to L5. Note 
the massive osteophytic ankylosis at the L1 —L2 and L2—L3 levels. 


anterior washboard appearance caused by the herniations of 
L2-L3 through L5-S1 discs ( arrows). 

Myelographically enhanced CT scan (Fig. 4.36) shows the 
L2-L3 disc level. The cauda equina has ample space with the 
laminectomy decompression. Anterior, lateral, and posterior end 
plate hypertrophic changes are noted (arrows). 



Figure 4.35. Sagittal myelographic x-ray film shows the anterior 
discogenic changes of the vertebral bodies with ankylosis at LI—L2. Note 
the indentations of the dye-filled cauda equina by posterior osteophytic 
changes of the vertebral bodies and disc herniations (arrows) to create the 
“washboard” appearance of the dye-filled column. Also noted is retrolis¬ 
thesis subluxation of L2 and L3. 



Figure 4.36. Axial myelographically enhanced CT scan at the L2—L3 
level shows that the cauda equina has ample room due to the decom¬ 
pressive laminectomy even with the extensive vertebral body degenera¬ 
tive changes shown at the arrows. 
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This is an excellent example of hypertrophic bone and soft tis¬ 
sue disc herniation resulting in spinal stenosis with decompres¬ 
sion laminectomy rendering good clinical relief following surgery. 
However, return of low back and buttock pain caused him to seek 
chiropractic care. Treatment of this case was gentle distraction 
adjustments followed by positive galvanism to the osseoligamen- 
tous canals from L2 through L5. Low back exercises consisting of 
knee-chest, and hamstring stretching; abdominal strengthening; 
adductor stretching; and abductor strengthening were per¬ 
formed. Excellent relief of the patient's return symptoms was ob¬ 
tained, showing the benefit of often required surgical and con¬ 
servative chiropractic adjustments in spinal stenosis cases. 

Case 3 

Case 3 is of a 55-year-old white man who had low back and bi¬ 
lateral leg pain that was worse on the left than on the right. He 
also described numbness made worse on walking, leg pain ag¬ 
gravated by sitting, and pain in the testicles. He had been to chi¬ 
ropractors and was referred to us by his last doctor. 

Straight leg raise was bilaterally positive at 45°, creating low 
back pain. Range of motion was normal. Kemp's sign was nega¬ 
tive. Muscle strengths were normal in the lower extremities. Right 
ankle jerk was absent. Atrophy of the right thigh and calf was 
present, with the circumference being 30 mm less in the right 
thigh than in the left thigh and 17 mm less in the right calf than 
in the left calf. Milgram's sign was positive bilaterally. Nachlas', 
Yeoman's, and Ely's maneuvers and prone lumbar flexion all in¬ 
creased low back pain. Doppler testing revealed a reading of 110 
mm at the left posterior tibialis (upper arm, 130 systolic) and a 50 
mm reading at the right posterior tibialis. Varicose veins of the left 
leg were noted. Laboratory tests (complete blood count, sedi¬ 
mentation rate, and basic profiles) were normal. Triglycerides 
were 291 mg/dL (normal is 30 to 175). The prostate was normal. 
External hemorrhoids were present. Radiographs revealed: 

1. More than 50% reduction in L5-S1 disc space height is seen, 
with retrolisthesis of L5 and lipping and spurring of the an¬ 
terolateral body plates at L3-L4, L4-L5, and L5-S1 (Fig. 4.37). 

2. Stenosis as determined by Eisenstein's measurement is evi¬ 
dent, with the sagittal canal being 11 mm, and the body be¬ 
ing 46 mm, the body:canal ratio being 4:1 (Fig. 4.37). 

This patient had: 

1. L5 stenosis with retrolisthesis subluxation of L5 on SI. 

2. Discogenic spondyloarthrosis at L3-L4, L4-L5, and L5-S1. 

3. An old, healed L5 disc rupture, as evidenced by an absent right 
ankle reflex and past untreated leg pain. 

4. Intermittent claudication pain in both legs, with a marked in¬ 
sufficiency in the right leg where blood pressure was greatly 
reduced at the posterior tibialis artery. Stenosis may cause 
neurogenic claudication in both legs. 

5. Left L5-S1 medial disc protrusion causing SI dermatome sci¬ 
atica. 

Following the above diagnosis, it was decided to apply treat¬ 
ment four times daily at the outset, for 3 weeks. If 50% relief was 
obtained, both subjectively as evidenced by patient response and 
objectively as evidenced by tests for Kemp's sign, Dejerine's triad, 
range of motion, and straight leg raising, 2 more months of treat¬ 
ment would be given. If no relief occurred, a vascular surgeon 
and, possibly, a neurosurgeon would be consulted. 

Cox distraction manipulation was given, followed by therapy 
four times daily for 3 weeks. The result was a right lower ex¬ 
tremity blood pressure of 90 mm, which was approximately 80% 
the blood pressure of the left leg. The leg pain ceased and the 
back pain localized in the gluteus maximus muscle. 

Treatment consisted of three or four distractions daily with 


positive galvanic current to the L5-S1 disc and B54. Tetanizing 
current was applied to the adductor and gluteus medius muscles. 
Acupressure points B24 through B31 were goaded. A belt was 
worn on the low back 24 hours daily. Sitting was prohibited, and 
exercises for the low back were given. The patient wassent home 
to be treated by his family chiropractor. 

Prior to returning to work 3 months after the onset of treat¬ 
ment, the patient went through our low back pain school, where 
he was taught the movements dangerous to the low back, how 
to lift and bend, how to pick up objects from the floor or from 
shelves, and how to protect the back in activities of daily living. 

At the end of 3 months, the patient had obtained 75% relief 
from pain. The major symptom was left hip and buttock stiffness 
on standing or walking. 

Case 4 

Figure 4.38 reveals a calcification projecting bilaterally from the 
pedicles into the vertebral canal. Helms and Sims (143) feel that 
these spurs most likely represent ossification of the ligamentum 
flavum at its point of insertion and contend that they should not 
be mistaken for osteophytes, free disc fragments, or fracture 
fragments. These ossifications are occasionally seen on CT scan, 
and it is noted that they are usually asymptomatic. Note that a 
disc protrusion is present on this CT scan. 

Case 5 

Figure 4.39 is a lateral radiograph showing an approximate 60% 
loss of vertical height of the T9 vertebral body, which occurred in 
this 59-year-old woman after a fall. Her pain continued, and Figure 
4.40 represents the same radiograph taken 3 months following 
Figure 4.39. Note that the compression fracture has continued to 



Figure 4.37. Lateral lumbar view. Retrolisthesis subluxation of L5 on 
the sacrum, with stenosis of the vertebral canal at 1.5 determined by 
Eisenstein’s measurement. 
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Figure 4.38. Superior Facet calcifications at the attachment oFthe ligamentum Havum at the insertion into the Facet (arrows). 




Figure 4.40. Three months later, Following persistent hack pain, an¬ 
other radiograph shows progressive compression dcFormity oF the T9 
bodv. 

J 


Figure 4.39. Approximately a 60% loss oF height oF the T9 vertebral 
body is seen in a 59-year-old woman Following a Fall. This radiograph was 
made the dav oF the Fall. 
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deteriorate. Appropriate blood tests did not suggest any evidence 
of pathologic fracture. This patient became asymptomatic under 
conservative extension-type manipulation and physiologic rest. 

This case represents the progressive collapse of a vertebral 
compression fracture in the months following the original injury. 
One must be aware of this in clinical practice, as it can explain the 
further pain the patient may experience within weeks following 
the original compression fracture. Such flexion deformity can 
cause narrowing (stenosis) of the vertebral canal to the point of 
obstructing dye flow in the subarachnoid space on myelography. 
Treatment of the compression defects in Cases 5 and 6 is shown 
in Figures 9.35 and 9.37 in Chapter 9. 

Case 6 

A 70-year-old man fell from a tree and sustained approximately 
75% compression fracture of the LI vertebral body. He was taken 
to the hospital and was catheterized because he could not uri¬ 
nate. He wore this catheter for 2 months and underwent prostate 
surgery. However, the reason for the catheter was that he could 
not urinate because of cauda equina compression by the nar¬ 
rowing of the vertebral canal following the compression fracture 
shown in Figure 4.41. This can be compared with the adjacent 
vertebra (Fig. 4.42). 

When we first saw this patient, his purpose in coming was to 
find out whether any treatment other than a Harrington rod fu¬ 
sion could provide relief. Examination of this patient revealed 
both ankle jerks absent, whereas the patellar reflexes were +2 bi¬ 
laterally. At that time, the patient was having normal urination 
and no other signs of cauda equina syndrome. 

The cremasteric and Babinski reflexes were normal. Weakness 
was evident to some degree on contraction of the anal sphincter 
muscle, but the patient had no problem with bowel control. Hy- 
pesthesia of the SI dermatomes was found bilaterally. In Figure 
4.43, taken 7 months later, extensive ankylosis is seen of the an¬ 
terolateral vertebral body plate, caused by hypertrophy and calci¬ 
fication. This would represent the body's own attempt to fuse this 
area into stability. 

In considering a surgical fusion versus the body's own attempt 
to fuse, we consider the work of Taylor et al. (144), who studied 
compression fractures of the dorsolumbar spine without neuro¬ 
logic involvement. A long-term follow-up study was carried out 



Figure 4.41. Computed tomography scan reveals the impaction com¬ 
pression deformity of the LI vertebral body with invasion of the verte¬ 
bral canal to create stenosis of the canal and spinal cord. 


on 216 patients with fractures of the dorsolumbar spine. None of 
these patients had neurologic impairment. The average period of 
follow-up was 9 years, and it was found that the functional re¬ 
sults did not differ between patients with a single fracture and 
those with multiple fractures, nor could statistical clinical differ¬ 
ences be established between patients whose fractures went on 
to spontaneous fusion and those whose fractures did not. Corre¬ 
lations could not be established for residual symptoms, reduction 



Figure 4.42. Normal vertebral body and canal of the adjacent segment 
for comparison with Figure 4.41. 



Figure 4.43. Three months after the film in Figures 4.41 and 4.42, ex¬ 
tensive anterior ankvlosis is seen, caused by calcification of the anterior 

j 1 j 

longitudinal ligament and hypertrophic changes (arrow). The body has 
provided its own natural fusion at the site ol instability. 
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Figure 4.44. 


An impaction Fracture of the left femoral cervical area is noted (arrow). 


in vertebral height, encroachment on the spinal canal, and per¬ 
sistent kyphotic deformities. It was concluded that the nonoper¬ 
ative treatment of these fractures was a sound method and that 
attempts at reduction were not justifiable. No patient in this se¬ 
ries had undergone a surgical procedure because of persistent 
symptoms. 

With these thoughts in mind, we suggested to the patient in 
Case 6 that, because fusion was occurring and it had been 6 
months since his initial fracture, he should question strongly what 
could be guaranteed to him through the use of a Harrington strut 
and fusion. He did not want the surgery. In fact, he stated that he 
would rather die than have the surgery done. Therefore, we 
treated this man, as we have other compression fracture cases, 
with mild flexion and extension manipulation followed by tetaniz- 
ing current applied paravertebrally over the fracture site. The re¬ 
sults of this care were persistent loss of pain in the dorsal lumbar 
spine and regaining of enough physiologic range of motion to be 
compatible with the patient's everyday living. In the past 3 years 
that we have followed this case, this patient has been comfort¬ 
able without cauda equina symptoms. 

Case 7 

Figure 4.44 reveals an impaction-type fracture within the cervical 
area of the left femur. Figure 4.45 shows an eventual hip arthro¬ 
plasty that was performed. Chiropractic involvement with this 
case came about because of the persistent pain in the left but¬ 
tock and hip area. 

Figure 4.46 is a CT scan showing ligamentum flavum hyper¬ 
trophy at the L4-L5 level. Clinically it was felt that perhaps this 
ligamentum flavum hypertrophy was creating some degree of 
stenosis at this level. Flexion-distraction manipulation was given 
to this patient. She also attended low back wellness school and 
was instructed in how to prevent hyperextension motions that 



Figure 4.45. A hip arthroplasty is performed on the hip joint in Fig¬ 
ure 4.44. 
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Figure 4.46. Computed tomography scan reveals ligamentum flavum 
hypertrophy (cirrous), creating stenosis of the vertebral canal felt to have 
been responsible for the persistent pain in the left hip, which was relieved 
by spinal flexion-distraction manipulation. 

could further aggravate her stenotic condition. Accompanying 
exercises in the flexion mode to strengthen abdominal muscles, 
stretch hamstring muscles, and maintain a slight flexion of the 
lumbar spine resulted in gradual relief of approximately 50% of 
this patient's pain. 

This case is presented to show the possibility of ligamentum 
flavum hypertrophy as a cause of persistent hip and buttock pain 
that perhaps was masked by the fact that this patient had a hip 
arthroplasty. Further, the effects of manipulation in this type of 
case are demonstrated. 
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chapter 


It has been well documented that 80% of the population suf¬ 
fers from lower back pain at some time in their lifetime (1). 
What has not been so well documented and understood is the 
cause of this common condition. Lower back pain (LBP) can 
be caused by many structures found in the skeleton, muscles, 
ligaments, viscera, and nerves. Yet there continues to be great 
difficulty in localizing the incriminating structure responsible 
for the generation of pain in most patients. The ever elusive 
definitive diagnosis in LBP patients continues to be an enigma 
plaguing most practitioners treating such patients. This is es¬ 
pecially true of the sacroiliac joint and its inherent conditions, 
which has a controversial history ranging from being the prin¬ 
cipal cause of lower back pain to having no role at all in the 
generation of painful conditions. 

After the seminal paper in 1905 by Goldthwaite and Os¬ 
good, the sacroiliac joint (SIJ) became regarded as the main 
cause of LBP (2). They claimed that “sacroiliac sprain is the 
common cause of low back pain.” However, following the 
publication in 1934 by Mixter and Barr (3), attention moved 
away from the SIJ and began to focus on the disc and its sur¬ 
rounding structures. The SIJ was neglected because it is a 
deep-seated, complicated oblique structure, seeming to have 
little or no movement, as well as being difficult to access for 
examination (5 7). 

However, with the development of sophisticated imaging 
procedures, examination techniques, new treatment proto¬ 
cols, and outcome measures, new inf ormation about the pain 
generators in LBP was being published. Researchers were 
finding that not all LBP syndromes could be simply attributed 
to involving the disc and facet joints (7, 8). Attention was again 
directed to the other structures in the low back, including the 
Slj. Clinicians reported that patients presenting with SIJ pain 
or postsurgical pain were being effectively managed by con¬ 
servative treatment directed to the SIJ (9, 10). Researchers fo¬ 


cused on the SIJ to define better its anatomy, movement, and 
clinical characteristics. 

This chapter thus reviews the structure, movement, clini¬ 
cal presentation, and management of the conditions involving 
the sacroiliac joint. 

ANATOMY 

Morphology of the Sacroiliac Joint 

The sacroiliac joint is a true diarthrodial joint formed by the 
articulation between the sacrum and the anteromedial aspect 
of the ilium. Even in the mid 1700s the synovial nature of the 
SIJ was recognized by Siegfried Albinus and William Hunter, 
who first described its anatomy. The SIJ’s anatomy was exam¬ 
ined further by Albec in 1900 who dissected and analyzed 50 
postmortem specimens and confirmed earlier studies (11). 
However, unlike the structural aspects of this joint, our 
knowledge of its function and biomechanics remains limited 
primarily because of the difficulties inherent in the analysis of 
motion at the articular surfaces of this deep-seated joint (see 
description of SIJ biomechanics below). 

Anatomic Relationships of the SIJ 

Located centrally in the pelvic girdle, the SIJ is designed pri¬ 
marily for stability and transmission of relatively significant 
forces during the gait cycle and, in particular, during running 
and jumping. The bony elements of the joint include specifi¬ 
cally the posterolateral aspect of the sacral ala at the level of 
the first and second (and, occasionally, third) sacral segments 
and the anteromedial surface of the ilium adjacent to the pos¬ 
terior inferior iliac spine (PIIS). The joint can further be sub¬ 
divided into two components (12, 13): (a) the synovial por- 
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Figure 5.1. 


Anatomic section illustrating the synovial and svndesmotic parts of the left sacroiliac joint. 


tion, which is anterior and which consists of the auricular sur¬ 
faces of the sacrum and ilium; and (b) the syndesmotic portion, 
which is more posterior in position, and which consists of the 
roughened sacral and ilial tuberosities that attach the inter¬ 
osseous sacroiliac ligaments (Fig. 5.1). 

The synovial auricular surface is shaped somewhat like the 
pinna of the external ear with a broad superior limb oriented 
posterosuperiorly and an elongate inferior limb oriented pos- 
teroinferiorly (Fig. 5.2). On the sacral surface the superior 
limb occupies approximately two thirds of the posterior sacral 
ala and the inferior limb extends down to the second sacral 
transverse tubercle of the lateral sacral crest. The most anterior 
part of the SIJ is formed by the apex of the convexity of the aur¬ 
icular surfaces at the level of the first anterior sacral foramina. 
Within the sacral auricular surface a central longitudinal groove 
roughly parallels the anterior and posterior borders of the joint. 
This articular groove is complementary to a bony articular 
ridge on the iliac auricular surface (Fig. 5.3), and it may func¬ 
tion in an interlocking mechanism to stabilize the joint (Fig. 
5.4). In older specimens the posterior rim of the inferior limb 
may be more ossified and may exhibit a prominent bony ridge. 


In some older individuals an accessory SIJ may be present at 
the level of the first and second posterior sacral foramina (Fig. 
5.2). When present, the iliac position of this accessory joint is 
adjacent to the posterior superior iliac spine (PSIS) and may ex¬ 
tend onto the iliac tuberosity (Fig. 5.3). It has been postulated 
that accessory SIJs may be more common in quadrupeds and 
may develop in response to limited hip extension. Similarly, 
human accessory SIJs appear to be more common in individu¬ 
als who use a wheelchair or sit for prolonged periods (1 5—17). 

The articular surfaces of the SIJ are unique with respect to 
the type of cartilage that lines them. The sacral auricular surface 
is lined by a 3 mm layer of hyaline cartilage, typical of synovial 
joints in general, and this layer is approximately three times 
thicker than that on the iliac side (11, 13, 18—20). Histologi¬ 
cally, this hyaline cartilage is homogeneous and is composed of 
large, round, paired chondrocytes distributed throughout the 
chondroitin sulfate matrix and arranged in cell columns paral¬ 
lel with the articular surface (11). In contrast, the iliac auricu¬ 
lar surface is lined by a thin 1 mm layer of hbrocartilage char¬ 
acterized by smaller, spindle-shaped chondrocytes embedded 
in a collagenous matrix. Interestingly, the chondrocytes are 
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again organized into columns of cells hut these are oriented 
perpendicular to the articular surface on the iliac side (21). As 
in hyaline cartilage, the extracellular matrix of this fibrocarti¬ 
laginous layer is composed primarily of chondroitin sulfate as 
well as other glycosaminoglycans, hut it has a much higher den¬ 
sity of type II collagen fibers as is characteristic of fihrocartilage 
in general (9, IB, 19). The two kinds of articular cartilage pre¬ 
sent on opposing sides of this joint suggest a disparity in func¬ 
tion between the two articular surfaces; however, this possi¬ 
bility remains poorly investigated. 

The syndesmotic portion of the SIJ, which is more posteri¬ 
orly located, consists of the interosseous sacroiliac ligaments 
(ISL). The superior, middle, and inferior sacral fossae on the 
sacral side and the iliac tuberosity on the iliac side form the 
bony attachments for these ligaments (22—25). 

Structurally, the ISL consist of short fibers in the deepest 
part of the joint and these fibers become progressively longer 
the more posteriorly and superficially they are found. 

The longest and most superficial part of the ISL blends im¬ 
perceptibly with the fibrous capsule of the SIJ. The ISL is con¬ 
sidered to be the strongest ligament in the body and it is 


thought to maintain the stability of the SIJ posteriorly by re¬ 
sisting posterosuperior gapping. Functionally, it is believed 
that the point where the i liac tuberosity meets the middle sacral 
fossa forms an axial articulation (26) with the iliac tuberosity 
acting as a pivot point during rotary sliding movement along 
the apposed articular groove and ridge on the sacral and iliac 
sides, respectively (Fig. 5.4). 

Phylogenetic Differences 

Interesting morphologic and functional differences exist be¬ 
tween the SIJs found across the animal phyla. For example, fish 
have fins that are not connected to the vertebral column, but 
instead are connected to each other by a primitive pelvic sym¬ 
physis (Fig. 5.5). The amphibian pelvic girdle is connected to a 
sacral rib. The SIJ of quadrupedal animals is more like that of 
bipeds, such as humans, but it does have unique differences. 
The quadruped SIJ is completely syndesmotic, and it is posi¬ 
tioned rectangular to the spine. In bipeds, the SIJ is thought to 
bear twice the load as the trunk owing to gravitational influ¬ 
ences when compared with that of quadrupeds (27). Conse- 
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Figure 5.2. Posterolateral view of the sacral auricular surface and related bony features. 
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Figure 5.3. The iliac auricular surface and related bony features. 


quently, because of the need to balance and contend with such 
increases in load, the biped SIJ is believed to have undergone a 
positional transformation and is more aligned in parallel with 
the spinal column. Also, as described above in humans the SIJ 
is half syndcsmotic and half synovial. To ensure stability and yet 
deal with its bipedal functional role, the transformed SIJ is 
strengthened by the interosseous ligament and congruent bony 
surfaces that facilitate bony interlocking. Further, this posi¬ 
tional transformation occurred in conjunction with changes in 
the spinal curvature and altered muscular attachments (e.g., 
the fascia lata in humans is stronger and incorporates an iliotib¬ 
ial tract to facilitate the upright stance and efficiency of muscle 
actions). 

Postnatal Development of the 
Sacroiliac Joint 

At birth the articular surface of the SIJ is oriented vertically and 
is morphologically flat and straight (11, 28); not until puberty 


does the joint morphology develop a more adultlike auricular 
shape. The planar articular surface during infancy and child¬ 
hood allows freedom of movement in all directions and the sta¬ 
bility of the joint is entirely dependent on its supporting liga¬ 
ments during this early period (28). At puberty the elongate 
inferior limb and a broader superior limb of the auricular sur¬ 
face can be identified (25). The stability of the joint is enhanced 
during the second decade of life by the appearance of the sacral 
articular sulcus and iliac articular ridge which continue to be¬ 
come more prominent through adolescence. This remodeling 
process occurs as a result of secondary ossification centers that 
after 12 years of age appear near the joint in the hyaline carti¬ 
lage model of the developing bone. Throughout this initial de¬ 
velopmental period to the age of approximately 1 8 years, the 
sacral vertebrae and pelvic bones (ilium, ischium, and pubis) 
remain separate by cartilaginous regions that gradually ossify. 
Synostosis occurs after the age of 18 and is completed by the 
25 th year, at which time the SIJ has completely acquired adult 
morphology (29). 
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Figure 5.5. Illustration offish fins connected by primitive symphysis. 


The SIJ continues to acquire stronger stabilizing elements 
throughout adult life. During the third decade the sacral and 
iliac tuberosities become enlarged and fibrosis of the inter¬ 
osseous sacroiliac ligament strengthens the joint posteriorly. 
The bony margins of the auricular surface continue to ossify and 
marginal osteophytes appear during the fourth and fifth decades 
(Fig. 5.6). This process of osteophytosis appears to be more 
prominent in males and is believed to occur to further stabilize 
the joint in response to strenuous physical activity (11, 30, 31). 
Following the fourth decade the cartilaginous elements of the 
joint gradually become thinned and a process of marginal anky¬ 
losis may ensue. In many individuals this leads to total fibrous 
and bony ankylosis of the joint until by the eighth decade mo¬ 
bility of the SIJ is lost completely in most individuals. To date, 
the physiologic mechanisms that underlie this gradual process 
of fibrosis and ankylosis of the SIJ are poorly understood. It re¬ 
mains unclear whether this process is part of normal aging that 
occurs to decrease mobility and further stabilize the joint or 
whether these changes are pathologic. 

Intrinsic Ligaments of the Sacroiliac Joint 

The fibrous capsule of the SIJ is strengthened anteriorly and 
posteriorly by intrinsic capsular ligaments (Fig. 5.7). The ven¬ 
tral or anterior sacroiliac ligament (VSL) strengthens the infe¬ 
rior half of the anterior capsule. Its fibers, which are thin supe¬ 
riorly and become progressively thickened interiorly, attach 


horizontally across the joint. The strongest part of the VSL at¬ 
taches anteriorly to sacral ala at the level of the second sacral 
segment and crosses the most inferior part of the SIJ to attach 
to the subauricular sulcus on the ilium as far back as the PIIS 
(Fig. 5.7). 

The dorsal or posterior sacroiliac ligament (DSL) is di¬ 
vided for descriptive purposes into two components: short 
and long DSL. This ligament occupies the deep recess be¬ 
tween the sacrum and the ilium posteriorly, called the 
“sacroiliac fissure.” The short DSL attaches medially to the 
sacral tuberosity along the lateral sacral crest (Fig. 5.7). Its 
fibers, which are greatly thickened relative to the VSL, course 
laterally and superiorly to attach to the anteromedial aspect 
of the PSIS of the ilium. This portion of the DSL may or may 
not be continuous with the interosseous sacroiliac ligament 
(Fig. 5.8) which lies deep to it within the syndesmotic com¬ 
partment of the SIJ. 

The long DSL is more vertically oriented with dense fibers 
attaching superiorly to the sacral ala above the first posterior 
sacral foramen and the PSIS posterior to the attachment of the 
short DSL (Fig. 5.7) along with the longest fibers of the sacro- 
tuberous ligament (see below). The fibers of the long DSL, 
which are thick and strong, course inf eriorly and medially to at¬ 
tach to the lateral sacral crest at the level of the third and fourth 
sacral segments and blend superficially with fibers of the sacro- 
tuberous ligament. 

Both the VSL and the DSL function to counteract gravita- 
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tional forces and prevent distraction of the SIJ, particularly dur¬ 
ing upright posture and through the gait cycle. The DSL also 
serves to provide attachment for the deep fibers of the multi- 
fidus and gluteus maximus muscles. One additional intrinsic 
capsular ligament has been described by Illi (32), which is 
sometimes referred to as “Illi’s ligament” (33). This ligament 
strengthens the SIJ capsule superiorly by attaching across the 
margins of the auricular surface; it may be an extension of the 
interosseous sacroiliac ligament (Fig. 5.9). 

Extrinsic Ligaments of the Sacroiliac Joint 

The iliolumbar, sacrotuberous, and sacrospinous ligaments are 
extrinsic to the fibrous capsule of the SIJ; however, they assist 
the VSL and DSL in stabilizing the joint. The iliolumbar liga¬ 
ment attaches superiorly to the transverse process and body of 
the fifth (and sometimes fourth) lumbar vertebra. Its fibers 
course laterally, for the most part, to attach along the superior 
border of the medial third of the iliac crest. This ligament may 
also have vertical fibers that blend anteriorly with the VSL and 
posteriorly with the long DSL (Fig. 5.7). The iliolumbar liga¬ 


ment helps to prevent distraction of the SIJ superiorly. The 
sacrotuberous and sacrospinous ligaments, on the other hand, 
function to prevent posterior displacement of the sacral apex 
during nutation of the sacral promontory. Structurally, the 
sacrotuberous ligament attaches medially to the lateral sacral 
crest from S3 to S5 (Fig. 5.7). Long fibers of the sacrotuberous 
ligament also originate from the PSIS and join the lower fibers 
to course inferiorly, laterally, and anteriorly to attach to the 
medial aspect of the ischial tuberosity. Sacrospinous ligament 
fibers attach to the anterolateral border of the sacrum at the 
level of the third to fifth sacral segments and course laterally 
and anteriorly to reach the ischial spine. 

Muscles Surrounding the SIJ 

No typical intrinsic muscle exists for the SIJ. However, about 
40 muscles can influence SIJ motion (34) (Fig. 5.10). Some of 
these muscles attach at three points, including a small portion 
connecting the sacrum and ilium of the SIJ (19, 35). These are 
the erector spinae, multifidus, iliopsoas, gluteus maximus, and 
piriformis muscles (36). The muscles covering the anterior sur- 
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Figure 5.6. An anatomic section illustrating the anterosuperior surface of the sacroiliac joint, which is 
the most frequent site of osteophytic marginal ankylosis. 



216 


Low Back Pain 




Iliolumbar 

ligament 


Lumbosacral 

ligament 


ligament 


Sacrotuberous 

ligament 


Iliolumbar 

ligament 



Short dorsal 
r sacroiliac 

ligament 


Long dorsal 
sacroiliac 
ligament 


Sacrotuberous 

ligament 


Anterior 


Inlet 


Posterior 


Figure 5.7. 


The ventral (anterior) and dorsal (posterior) sacroiliac ligaments. 


face of SIJ are the iliopsoas, which is innervated by LI, L2, and 
L3, and the piriformis, which is innervated by L5, SI, and S2. 
The muscles covering the posterior surface of the SIJ are gluteal 
muscles, which are innervated by L4, L5, SI, and S2. 

Because the SIJ has no intrinsic muscle of its own, its move¬ 
ment occurs through various mechanisms: The sacrum moves 
when the spinal column changes position, and the ilium moves 
when the lower extremities change their position. 

The SIJ is also affected by the muscles capable of tilting the 
pelvic ring (28, 34, 37—41). SIJ movements are created by (a) 
the muscles that flex, extend, or rotate the vertebral column, 
moving the sacrum; (b) the muscles that flex, extend, abduct, 
adduct, supinate, and pronate the thigh, moving the ilium; and 
(c) the muscles that tilt the pelvis anteriorly, posteriorly mov¬ 
ing the sacrum, and tilt right or left laterally, moving the ilium. 
The sartorius muscles extend the ilium, whereas the hamstring 
muscles flex ilium. The rectus abdominis muscles tilt the pelvic 
ring posteriorly and the erector spinae muscles tilt the pelvic 
ring anteriorly by moving the sacrum. 

Arterial Supply to the Sacroiliac Joint 

Branches of the posterior division of the internal iliac artery 
supply the anterior aspect of the sacroiliac joint. The primary 
branch to the joint anteriorly is the lateral sacral artery, which 
usually is a direct branch of the posterior division of the in¬ 
ternal iliac artery. The lateral sacral artery passes inferiorly 


along the sacrum lateral to the anterior sacral foramina into 
which it may send radicular branches and penetrates the pir¬ 
iformis muscle, which it supplies, to reach the SIJ. In addi¬ 
tion, the iliolumbar branch of the internal iliac artery may 
send articular branches into the anterior, superior aspects of 
the SIJ (Fig. 5.1 1). 

Posteriorly, the SIJ is supplied by penetrating branches of 
the superior gluteal artery—also a branch of the internal iliac 
artery which enters the gluteal region deep to the gluteus 
maximus muscle through the greater sciatic foramen. The su¬ 
perior gluteal artery then divides into superficial and deep di¬ 
visions; the superficial division branches medially to supply the 
overlying gluteus maximus and penetrates the multifidus mus¬ 
cle to reach the posterior aspect of the SIJ. The deep division 
of the superior gluteal artery does not supply the SIJ; instead it 
courses laterally deep to the gluteus medius muscle. 

Innervation of the Sacroiliac Joint 

Innervation of the SIJ is highly variable even from side to side 
in the same person (42). This variation contributes to the dif¬ 
ferent reported pain referral patterns and, ultimately, in diag¬ 
nostic confusion (43—45). Nerves from L2 to S4 can all he 
found in the SIJ. Posteriorly, the nerves run between the su¬ 
perficial layer of interosseous sacroiliac ligaments and the dor¬ 
sal sacroiliac ligaments. The anterior surface of the joint is most 
frequently innervated by the anterior primary rami (PPR) of SI 
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and S2 (42). Bernard and Cassidy, however, have reported that 
the SIJ is innervated by L4 to S3 (46). Ro found lateral branches 
of the PPR of L5 extending distally onto the joint as illustrated 
in Figure 5.12. 

The SIJ is richly endowed and innervated by nociceptors 
(pain receptors) and proprioceptors (movement and position 
sensors) (25, 28). This rich innervation may be because the 
joint monitors the movement and position of the pelvic ring, 
thus contributing to keeping the body balanced and upright. 

BIOMECHANICS 

Biomechanics of the SIJ are difficult to study. Direct palpation 
and access are impossible and its variable shape and symmetry 
makes modeling complicated (24, 47—49). The synovial and 
syndesmotic parts of the joint, and the inherent interdigitating 
irregular articular joint surfaces contribute to creating variable 
patterns of movement. Movement of the joint is not only in¬ 
fluenced by muscle action but also by many external forces, in¬ 
cluding gravity and ground reaction forces. Further, the SIJ is 
surrounded by some of the body’s more powerful muscles at¬ 


tached to various areas of the pelvis and the connecting symph¬ 
ysis pubis (50—5 3). The consequence of this unique structure 
and function creates the trabecular patterns visualized in the 
bony pelvis that suggest the SIJ and symphysis pubis are inter¬ 
dependent functional units in the pelvic ring (54). 

Kinematics 

Studies to understand what occurs to the pelvis during preg¬ 
nancy and delivery have provided interesting insights into SIJ 
motion. Hippocrates believed that SIJ movement occurred 
only in pregnant women. Even today authors believe that no 
movement occurs in the SIJ except in the pregnant woman 
when the hormone, relaxin, is released. This hormone has been 
found to lengthen the true conjugate measure of the female 
pelvis from 8 to 1 3 mm via the “loosening” of SIJ and symphysis 
pubis (55). Interestingly, the true conjugate length has also 
been found to increase or decrease with changes in posture be¬ 
cause of the movement of the SIJ and pubic symphysis, regard¬ 
less whether the person was pregnant (50, 5 1). For example, it 
has been reported that the “Walcher position” (extension) 
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Figure 5.12. Anatomic section illustrating the innervation of the sacroiliac joint. 
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increased the pelvic inlet, whereas the lithotomy position (flex¬ 
ion) decreased the pelvic outlet (37, 38). 

Traditionally, SIJ motion has been assessed by observing the 
movements of the sacral promontory. Researchers using radi¬ 
ographic studies have reported sacral promontory nodding (nu- 
tational motion) of about 5 to 6 mm occurring about a trans¬ 
verse axis located 5 to 1 0 cm below the promontory; rotating 
through an average angle of 8°, ranging from about 4 to 12° 
(18, 28, 39, 55). The nature of this combined upward and 
downward translation with the rotation of the sacral auricular 
surface is consistent with the behavior exhibited in saddle-type 
joints (Fig. 5.13). 

Others have attempted to measure the relative movement 
of the sacrum to the ilium by using the PSIS as a landmark. 
Pitkin and Pheasant recorded motions of 2 mm and 2°, while 
the level of inclination between the right and left anterior su¬ 
perior iliac spine (ASIS) was about 1 1° (38). Colachis im¬ 
planted Kuschner pins in the pelvis and used cineradiography 
to assess the movement (39). He found a small degree of move¬ 
ment, with the greatest range being observed during forward 
flexion from a standing position. 

In another study, Sturesson et al. implanted four 0.8 mm di¬ 
ameter tantalum balls into both the pelvis and the sacrum. 
Stereoroentgenograms were taken of patients in hve different 
positions and movements were recorded. Findings were rela¬ 
tively minor three-dimensional movement ranging from 1 to 2° 
and 0.5 to 1.0 mm (56). 

Frigcrio et al. were the first to quantify the movement of the 
SIJ by adapting a system of stereoradiography and mathemati¬ 
cal modeling (57). They combined the measurements obtained 
from two radiographs taken orthogonally to reconstruct the SIJ 
in three dimensions and then correlated the relative motion of 
the joint. Findings were that the movement of the ilium rela¬ 
tive to the sacrum averaged 2.7 mm, and that movement be¬ 
tween the innominates (measured between the right and left 
ASIS) was a maximum of 15.5 mm. Egund, using stereopho- 
togrammetric (not radiography) and mathematical modeling 
found 2° of rotation and 2 mm of translation (58). Drcrup and 
Hierholzer in 1987, used rasterstereographic surface measure¬ 
ment together with surface curvature analysis of the PSIS dim- 



Figure 5.13. A line drawing illustrating the saddle shape of the sacroil¬ 
iac joint and the outline of the translational and rotational movements 
that may take place depending on the axis of motion selected. 


pie and computer mathematical analysis (59). They recon¬ 
structed the true spatial position of the joint and found the av¬ 
erage PSIS dimple displacement was ±1.5 mm and the torsion 
angle was ± 1.5°. 

More recently, Kissling using a three-dimensional stereo- 
photogrammetric method, reported considerable variation in 
the SIJ motion within and between 24 healthy volunteers rang¬ 
ing in ages between 20 and 50 years (60). Although the posi¬ 
tion and direction of the movement axes varied, a characteris¬ 
tic pattern was detected. The average degrees of rotation and 
translation ranged from 1.8° and 0.7 mm for men and 1.9° and 
0.9 mm for women, respectively. He reported no statistically 
significant age or sex differences in rotational and translational 
movements. Kissling’s findings that motion does not signifi¬ 
cantly differ as one ages, at least to 50 years, are interesting 
considering that many believe that the degree of motion in the 
SIJ decreases with aging because of inherent degenerative joint 
changes. 

Two studies assessing movement in the SIJ of older patients 
support the notion that the degenerative changes observed 
macro and microscopically may not necessarily imply that the 
aged SIJ does not move. Miller et al. assessed the kinematics in 
eight f resh cadavers, aged 29 to 74 years, with the muscles re¬ 
moved (47). They loaded the SIJ and measured the displace¬ 
ment of the sacrum relative to one or both ilia. They measured 
the average degree of lateral translation as 0.76 mm (standard 
deviation [SD] 1 .41), anterior translation as 2.74 mm (SD 
1.07), lateral rotation as 1.40° (SD 0.71), and axial rotation as 
6.21 ° (SD 3.29). 

In another study conducted on five fresh nonembalmed ca¬ 
davers, aged 52 to 69 years, radio-opaque markers were im¬ 
planted in the pelvis and spine; computed tomography scans 
were used and then converted to computer images for mea¬ 
surement analysis. The total SIJ range of motion f or double leg 
flexion—extension in the sagittal plane was 8° on the right and 
7° on the lef t. In the coronal plane 2° of motion was recorded, 
whereas in the transverse plane 1° was recorded on the right 
and 2° on the left (61). Although the movements were small, 
they do add preliminary support to the claims made by clini¬ 
cians that the SIJ does move, and it can be manipulated in older 
patients. 

Regarding pubic symphysis movement, Stern et al. re¬ 
viewed the related literature and reported that the average 
transverse width of the adult symphysis pubis is 5.9 mm in 
males and 4.9 in females, which widens to 7.1 mm during 
pregnancy (62). Radiographic studies have been used in de¬ 
tailing symphyseal movement in adults, which has been found 
to measure 0 to 0.5 mm in males, and 0 to 1.0 mm and 0 to 
2.0 mm in nulliparous and parous women, respectively. Wal- 
heim and Selvik reported translations of up to 2 mm and rota¬ 
tions of up to 3° in normal subjects (63). Pubic symphysis in¬ 
stability was considered present when symphyseal width was 
greater than 10 mm and vertical displacement was greater than 
2 mm. The cause of symphysis diastasis is varied; it can be the 
result of single or repetitive injury or hormonal influences 
(47-50, 62, 64). 
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Instantaneous Axis of Rotation 

If the quantification of the movement of the SIJ is discrepant, it 
is even more so when the instantaneous axis of rotation (IAR) 
is discussed. The actual location of the axis of rotation of the SIJ 
has long been debated (26, 34, 65). Because of the inherent 
variations in the anatomy of the SIJ from aging, gender dif¬ 
ferences, mechanical loads, cndocrinologic effects, and other 
factors—no one distinct IAR is found. 

Historically, Farabcuf suggested a fixed axis of rotation lo¬ 
cated around a transverse axis passing through the interosseous 
ligament (66). The resultant movement would be seen to have 
the sacrum following an arc of a circle whose center is located 
posterior to the joint. Bonnaire and Bve’ suggested that this 
transverse axis passed through the sacral tubercle, thereby cre¬ 
ating an angular displacement about the center of the joint (67). 
Pitkin and Pheasant contended that the axis for flexion and ex¬ 
tension fell through the interosseous ligament (38). Wcisel de¬ 
scribed two different axes to explain the translational and rota¬ 
tional movements observed in the range of motion studies 
outlined above (5 5). lie proposed that for translation to occur 
a pure linear displacement of the sacrum would take place as 
the sacrum slid along an axis at the caudal portion of the SIJ. 
Rotational motion would take place around an axis that was an¬ 
terior to the joint and anterior and inferior to the sacrum. 

Wilder ct al. assessed the axis of rotation of the SIJ by ana¬ 
lyzing its topography (23). They used gross contour profiles of 
the joint in the frontal and sagittal planes and statistically rede¬ 
fined the axis of rotation by defining a best fit axis of rotation 
for each profile. They found that the IAR in both planes was 
scattered broadly in and outside the joint and, therefore, rota¬ 
tion could not occur about a single axis of rotation as previously 
proposed. Further, translation occurred about a “rough axis” of 
each slice only after sufficient force was applied to overcome 
the resistance of the ligamentous structures, thus allowing the 
SIJ to separate and move. Finally, they found that the IAR var¬ 
ied considerably among the specimens used. These findings 
along with the others reported herein help to explain the diffi¬ 
culty in obtaining an accurate assessment of the movement 
characteristics of the SIJ. 

Kinetics 

The SIJ’s position as a link in the kinetic chain between the 
spine and legs makes it imperative that it have stability and mo¬ 
bility and yet be able to withstand considerable forces af fecting 
it (Fig 5.14). Miller ct ah undertook to study the load dis¬ 
placement behavior of fresh cadaver SIJ (47). The SIJs were 
found to be able to resist loads of 500 N or 50 N-m without fail¬ 
ure in the eight primary directions tested. Failure tended to oc¬ 
cur in the bone medial to the SIJ except in torsion tests, where 
the failure was ligamentous. The degree of motion measured in 
the SIJ was insignificant when both ilia were fixed compared 
with the displacement observed when one of the ilia was fixed 
and the other subjected to various loads in different directions. 
Also observed was variation in the ability of each of the speci¬ 


men to resist loads. In comparison with the stiffness measured 
at the L3 to L4 motion segment of the lumbar spine, the SIJ was 
six times stiffer in medially directed forces (lateral shear on a 
lumbar motion segment) but 20 times weaker in inferiorly di¬ 
rected forces (axial compression on a lumbar segment). There¬ 
fore, the SIJ is less stiff when subjected to compressive and tor¬ 
sional loads compared with the lumbar motion segments, 
making it susceptible to activities requiring forward flexion, 
twisting, and lifting (68, 69). 

In addition, the SIJ’s strategic location makes it susceptible 
to large downward shear loads ranging from 300 to 1750 N 
during daily activities (47). Gunterberget ah reported that SIJs 
in cadaver specimens had a mean downward shear strength of 
4865 N (70). The SIJ withstands such forces by nature of its ar¬ 
chitecture and surrounding soft tissues. The flat orientation of 
the joint surfaces enables the SIJ to transfer great moments of 
force, but it is extremely vulnerable to shearing forces result¬ 
ing from loads and moments occurring in a direction parallel to 
the joint surface (24, 71, 72). This vulnerability to shear may 
predispose the SIJ to sublux superiorly; however, this is pre¬ 
vented by a hypothesized “self-bracing mechanism” (24, 41, 
61). This mechanism is facilitated by the following SIJ charac¬ 
teristics: 

1. The archlike architecture of the pelvis. 

2. The joint’s longitudinal dimension is twice that of the trans¬ 
verse, thus providing favorable resistance against bending 
moments along this plane. 

3. Grooves and ridges of the joint surf aces form a resistance to 
sliding. 

4. The higher friction coefficients in the joint because of the 
rough-textured surfaces. 

5. The corkscrew appearance of the joint created by the dif¬ 
ferent wedge angles in transverse cross sections at the cra¬ 
nial and caudal ends of the joint. 

6. The ligaments. 

7. The muscles. 

Snijders et al. have postulated that the ligaments and muscles 
that cross the SIJ play a key role in compressing the joint sur¬ 
faces (73). When loaded, the interosseous and the sacrotuber- 
ous ligaments diminish the total range of ventral rotation (nu¬ 
tation) while the long dorsal sacroiliac ligament tensed during 
counter nutation. Interestingly, connections between the long 
dorsal sacroiliac and sacrotuberous ligaments and the muscles 
of the pelvis and lower limb may act to control excessive slack¬ 
ening of these ligaments (74). 

Wilder et al. have suggested that in order for movement to 
take place in the SIJ, the joint must sufficiently separate to al¬ 
low them to move over their irregular surf ace (23). To do this, 
energy is required to overcome the internal resistance of the 
ligaments. The energy absorbed by the ligaments suggests that 
the SIJ may function as a shock-absorbing structure. 

Ro (unpublished data), after caref ul analysis of the anatomy 
and structure of the SIJ, contends that joint gapping is integral 
in determining its characteristic movement and function. The 
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A schematic representation of the various forces that can impact on the sacroiliac joint. 


concept of SIJ gapping is relatively new and not often men¬ 
tioned, although some do allude to its importance in movement 
(23, 75). Others feel that gapping of the posterior—superior 
part of the joint could he more important than the rotation of 
the synovial part (76). This gapping motion combined with the 
rotation of the synovial part make it extremely difficult to mea¬ 
sure the SIJ motion because of the resultant complicated three- 
dimensional motion. 

The iliac sulcus between the iliac tuberosity and auricular 
surface and the sacral crest (medial rim of the inferior limb) are 
interlocking. The highest point of the iliac tuberosity interlock 
is with the middle sacral fossa. This is also the axial articulation 
for rotation of the auricular surfaces, the ridge in the groove. In¬ 
specting these surfaces, one can find the traces of iliac tuberos¬ 
ity pivot in the middle sacral fossa (26, 65). Ro (unpublished 
data) found that this interlocking disfigured the left side iliac 


tuberosity by widening the sulcus. This occurred only on the left 
side and was present in about 75% of the left iliac tuberosities 
examined, and it seemed never to occur on the right side. The 
reason for this is not clear, but it may be caused by a short leg 
on the left side. Janse (33) found that body weight was carried 
by the short leg, although this has been disputed. One thing that 
is clear is that the sacral auricular crest pushed the iliac tuberos¬ 
ity upward (Fig 5.15). Some believe that early degeneration and 
the eventual ankylosis of the SIJ is caused by aging or the need 
for further stabilization; Ro believes that the disuse degenera¬ 
tion (disuse atrophy) is a consequence of the structures not be¬ 
ing used and that the process can be altered by exercise. 

Vlemming et al. believe that four muscles play a key role in 
stabilizing the SIJ (74). These are the erector spinae, gluteus 
maximus, latissimus dorsi, and biceps femoris. The sacral at¬ 
tachment of the erector spinae has been purported to pull the 
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sacrum forward to facilitate nutation, whereas the iliac attach¬ 
ments pull the posterior side of the iliac hones together, coun¬ 
tering nutation. The dual functions of this muscle results in a 
compression of the cranial and widening of the caudal aspects 
of the joint, the latter being countered by the sacrotuberous lig¬ 
ament. The gluteus maximus muscle acts to compress the SIJ. 
The latissimus dorsi muscle, via the thoracolumbar fascia, has 
been found to act with the contralateral gluteus maximus mus¬ 
cle, to compress the SI J. The thoracolumbar fascia can also he 
affected by its connection with the erector spinac. The long 
head of the biceps femoris by nature of its attachment to the is¬ 
chial tuberosity and slips to the sacrotuberous ligament plays a 
role in preventing the sacrum from tilting forward, especially 
when the body is in a stooped position. The abdominal muscles 
have also been felt to play a role in stabilizing the pelvis. There¬ 
fore, the simultaneous activity of the hamstrings, gluteus max¬ 
imus, erector spinac, biceps femoris, abdominal muscles, and 
the pelvic ligaments work together to provide further support 
and ensure the stability to the SIJ when subjected to loads. 

Respiration has also been found to aid SIJ motion (28). Dur¬ 
ing inspiration, the rectus abdominus muscle and the pelvic di¬ 
aphragm relax causing the pelvic ring to tilt anteriorly (77). 
This is countered by the contraction of the erector spinac mus¬ 
cle’s attachment to the sacrum. During expiration, the erector 
spinac muscle relaxes, while the rectus abdominus, because of 
its attachments along the superior pubic arch, pulls up on the 
pubic bone tilting the pelvis posteriorly (61, 78, 79). 

The influence of the forces exerted on the SIJ in sitting may 
be responsible for the cause of joint dysfunctions and degener¬ 
ation and perhaps may be more important as society moves 
more to the sitting rather than standing postures. In sitting the 
ground reaction forces from the ischial tuberosity act directly 
on the SIJ rather than being dissipated by the foot, knee, and 
hip as in standing. Sitting also causes the ilium to move poste¬ 
rior and superior and the ischial tuberosities closer together, 
thereby causing gapping of the posterior superior portion of the 
SIJ via the tension produced by the interosseous ligaments (80). 
Unfortunately, many authors neglect analysis of the SIJ in the 
important seated position. 

The biomechanics of walking is also complicated. It involves 
flexion/extension, abduction/adduction of thigh, and flex- 




Figure 5.15. Disfigurement of iliac tuberosity. 


ion/extension, lateral bending, and rotation of the vertebral 
column. These motions are balanced and adjusted by SIJ mo¬ 
tion. When the SIJ is dysfunctional, walking may become stiff 
and awkward (34, 81). Herzog and Conway noted changes in 
selected parameters of the vertical ground reaction force of a 
specific patient with SIJ syndrome following treatment (82). 
However, they caution that force recordings only provide in¬ 
formation about the movement of the center of mass, but such 
movements have limited resolution and questionable accuracy. 

Clinical Considerations 

The prevalence of SIJ pain in the general population is un¬ 
known. Davis and Lentle used bone scan imaging to assess 
women presenting with low' back pain and reported that 44% 
had SIJ involvement (83). They concluded that sacroiliac dis¬ 
ease was a common cause of low' back pain in women. In a ret¬ 
rospective study, Bernard and Cassidy estimated that 22.5% of 
patients presenting with low' back pain had a form of SIJ syn¬ 
drome (46). Schwarzer et al. used joint blocks and arthrogra¬ 
phy to investigate SIJ pain and found that the prevalence of SIJ 
pain ranged from 1 3 to 30% if the ablation of pain postinjection 
was the criterion, or 9 to 21% if pain relief plus evidence of 
capsular disruption was the criterion (84). Maigne et al., using 
a double anesthetic block technique, found that 18.5% of their 
patient sample had pain of SIJ origin (85). 

Micrau et al. also found that a significant portion of primary 
and secondary school children in the city of Saskatoon reported 
a history of low' back pain and had evidence suggesting a sacroil¬ 
iac joint dysf unction (86). Grieve (17) reported that Levitt found 
that more than 40% of school children between the ages of 6 and 
7 had some degree of pelvic torsion but no (SIJ) symptoms. 

Assuming adequate reliability and validity of the testing pro¬ 
cedures used in the aforementioned studies, findings may im¬ 
ply that the spine and its related soft tissues can adequately 
compensate for altered function. It appears that the pelvic 
structures arc sensitive and may be influenced by change (e.g., 
notable pelvic torsion may result from the removal of a small 
piece of bone for grafting) (17, 34, 5 3, 87—90). However, con¬ 
sidering the complexity and limited knowledge of the pelvic 
and spinal mechanisms, it is not clear how' the body compen¬ 
sates for such altered function (50 5 3). 

Pathogenesis of SIJ Pain 

The SIJ is subjected to many factors, ranging from trauma to in¬ 
fection, that may render the patient symptomatic. Although 
the SIJ’s role as a causative factor in the genesis of low' back and 
leg pain is becoming increasingly accepted, the underlying 
mechanisms are speculative at best. It has been suggested that 
pain about the SIJ is most commonly mechanical in nature, the 
most common cause being altered mobility (69). Altered mo¬ 
bility has also been defined as a fixation, dysfunction, subluxa¬ 
tion, hypomobility, hypermobility, or instability. Unfortu¬ 
nately, some conf usion exists regarding how' too much or too 
little movement in the SIJ effects patient symptoms (69, 91). 
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Mechanical Causes 

Recent attempts to understand the function of the SIJ have led 
to the hypothesis that explains how the SIJ may become dys¬ 
functional and thus symptomatic. Vleeming et al. have done 
considerable research in trying to elucidate the normal and ab¬ 
normal behavior of the SIJ. Their theories rest on the assump¬ 
tion that the integrity of the SIJ is maintained by “form closure” 
(i.c., the inherent anatomic characteristics of the joint) and 
“force closure” (i.e., the force created by the structures in and 
about the joint) (74) (Fig. 5.16). Together, form and force clo¬ 
sure provide the basis for the “self-bracing mechanism” of the 
SIJ. If closure is affected or altered then the SIJ loses its stabil¬ 
ity and is predisposed to increase shear forces through the joint, 
leading to ligamentous and cartilaginous injury. Abnormal 
forces may be of sufficient magnitude that they overcome the 
stiffness of the surrounding soft tissue and bony structures of 
the SIJ, resulting in potential structural injury. Such injury may 
result in cither hypo (fixation) or hypermobility or instability 
of the joint, possibly leading to pain. 

Theoretically, a fixated joint can be caused by the altered 
position of the joint surfaces. For example, an abnormal load 
may force the joint surfaces apart and cause movement such 
that the ridge and depression are no longer complementary. If 
the joint surfaces fail to slide back “into position,” a blocked or 
fixated joint will result (72), and it will be maintained by the 
compressive and clastic forces of the ligaments and muscles 
(92). This failure to return to normal position may he caused 
by external forces overcoming the internal protective resis¬ 
tance of the SIJ and its structures. Such forces may he created 
by repetitive stresses from running, dancing, gymnastics, skat¬ 
ing, kicking, and jumping, to name hut a few (64, 69, 93). 


For instance, an example of how the aforementioned forces 
may impact on the SIJ and lead to symptoms has been described 
by Fortin (93). Applying the information reviewed above to 
the jump-landing mechanics of a competitive freestyle figure 
skater, he provided a realistic model for the cause of SIJ syn¬ 
dromes. Repetitive impact loading through one lower extrem¬ 
ity on jump—landing creates tremendous shear force across the 
SIJ. Innominate shear dysfunction, sacral torsion, and disrup¬ 
tion of the weak anterior sacroiliac ligamentous complex can he 
inevitable if muscle imbalances and missed landings (resulting 
in striking the buttocks directly on the ice) occur (93). De¬ 
pending on the extent of the resultant injury, the SIJ may be¬ 
come fixated or hypermobilc. 

Hypermobility of the SIJ can result from repetitive injury (as 
described above) or from physiologically induced changes. 
Physiologically, the female SIJ increases its motion and de¬ 
creases its stability during pregnancy, which may predispose 
the SIJ to possible ligamentous and joint injuries because of in¬ 
creased mechanical loading and lead to a hypermobile or un¬ 
stable joint and subsequently to pain (62, 94). A pelvic or 
trochanteric belt worn below the SIJ, at or just above the 
greater trochanters, may provide external “force closure” to 
decrease the shear force and help reduce symptoms (73, 62). 

Many theories attempt to explain the cause of SIJ syndrome 
(17, 95—98) and its consequence (99—102). The scenario de¬ 
scribed above can be replicated for many athletic and everyday 
activities; it can be further complicated by the impact of asym¬ 
metrical ground reaction or compressive forces produced by 
running on uneven surfaces, lift-off imbalance, or weak lower 
limb and spinal muscles. Each of these activities produces imbal¬ 
anced, unilateral loads that may render die “self-locking mecha- 
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nism” of the SIJ incompetent. However, much of this is conjec¬ 
ture and requires considerable more research to be validated. 

Inflammatory Causes 

Many inflammatory disorders affect the SIJ (103—116). Most of 
these are considered to be seronegative spondyloarthropathies. 
Spondyloarthropathies comprise a heterogeneous group of dis¬ 
orders that share common clinical and genetic features. They 
include ankylosing spondylitis, Reiter’s syndrome, psoriatic 
arthritis, arthritis of inflammatory bowel disease, reactive arth¬ 
ritis, juvenile chronic arthritis, and others collectively listed as 
“undifferentiated spondyloarthropathies” (103). They invari¬ 
ably affect the lower half to two thirds of the synovial area of 
the SIJ. The pattern of joint involvement helps to differentiate 
the condition (e.g., bilateral and symmetric in ankylosing 
spondylitis and inflammatory bowel disease compared with 
asymmetric and unilateral in Reiter’s and psoriatic arthritis). 

Osteitis condensans ilii is characterized by osteosclerosis 
along the upper one third of the ilium near the SIJ at about the 
level of the PSIS. Its cause is unknown, but it appears to be seen 
more frequently in women, especially postpartum (117, 118). 
Degeneration of the cartilage begins on the iliac side because it 
is relatively underdeveloped compared with that of the sacrum 
(20, 119). The joint may become widened or narrowed, with 
cystic or erosive changes that may lead to fibrous or bony anky¬ 
losis (1 19). This bony and cartilaginous activity can be detected 
using scintigraphic procedures (120—1 32). 

Infections within the SIJ are most frequently caused by 
staphylococcal bacteria, but have been caused by tubercu¬ 
losis, gonococcal, and typhoid bacilli infections (1 33). Radio¬ 
graphs and bone scans are useful in identifying the presence 
of an inflammatory response. However, diagnosis is made 
through culturing of organisms obtained via joint aspiration and 
hematology. 

Presenting Complaint 

Patients presenting with SIJ syndrome typically complain of a 
dull to sharp pain that is localized to an area about the PSIS. The 
pain may be ref erred to the groin, buttock, or posterior thigh 
and may occasionally extend below the knee. The onset of the 
symptoms has been reported to be unknown or to be attributed 
to minor trauma in 58% and to compensable injuries in 42% of 
the patients studied by Bernard and Cassidy (46). They found 
an average duration of the complaint was 1 1 months. The 
symptoms can be aggravated by bending, sitting, lifting, rapid, 
forceful movements, turning over in bed, and difficulty with 
rising from a seated position. Relief may be noted with rest, 
standing, or walking. Patients rarely described any associated 
neurologic symptoms (10, 46, 93). 

Pain distribution in SIJ syndrome has been complicated by 
the overlap of pain patterns created by other surrounding 
structures. Disc, facet, and muscle-related conditions can 
have a clinical presentation similar to that of SIJ. Fortin et al. 
attempted to map the pain emanating from the SIJ and deter¬ 
mine if the SIJ had a characteristic pain pattern (1 34). Using 


provocative injections on asymptomatic subjects, they 
mapped an area of hyperesthesia in the buttock localized to 1 0 
cm distal to and 3 cm lateral to the PSIS (Fig 5.17). In a sub¬ 
sequent study, they successfully screened SIJ syndrome 
patients from a group of low back pain patients, suggesting 
that pain maps can be successfully used to make the diagno¬ 
sis (1 35). 

However, similar conclusions regarding the pain maps of SIJ 
patients were not made by Dreyfuss et al. (135). They found 
varied and broad patterns of pain referral encompassing the en- 

SIJ Pain Referral 



Figure 5.17. The sacroiliac joint pain referral map produced by injec¬ 
tion. (Adapted from Fortin JD, Dwyer AP, West S, et al. Sacroiliacjoint: 
pain ref erral maps on applying a new injection/arthrography technique. 
Parts I and II. Spine 1994;19( 1 3): 1475-1489.) 
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tire leg in patients with and without SIJ pain. They also found 
most of the characteristic features of the history inpatients with 
SIJ pain were neither sensitive nor specific, except for the re¬ 
lieving factor of standing, which had high specificity but suf¬ 
fered from a low sampling rate. 

Physical Examination 

On examination, patients may present with a limp or difficulty 
weightbearing on the painful side. Postural inspection may re¬ 
veal torsion and lateral deviation of the pelvis, unleveling of the 
iliac crests, and flattening of the buttocks on the side of joint re¬ 
striction (I 36). Range of motion of the lumbar spine may be 
painfully limited in flexion or extension. On palpation, point 
tenderness is found in and about the PSIS. Tender or trigger 
points may be found in the gluteal muscles and lumbar para- 
spinal musculature. The straight leg raising test may be de¬ 
creased owing to back pain or tight hamstrings, without 
evidence of nerve root tension signs. Lavignolle et al. demon¬ 
strated the influence of the straight leg raising test, noting that 
distinct movement at the SIJ was seen at 60° (75). The patient 
may report paresthesia or a subjective decrease in sensation to 
light touch, but have no neurologic deficits. Weakness noted 
on examination is typically the result of pain or muscle imbal¬ 
ances as opposed to hard neurologic findings. 

Orthopaedic tests can also be used to provoke SIJ pain and 
rule out the involvement of surrounding structures as possible 
sources of pain. The common orthopaedic tests used to assess 
the SIJ arc the Yeoman, Gaenslen, Patrick, and SIJ shear test. 
In Yeoman’s test, the SIJ is stressed by producing rotation of 
the ilium by the extension of the leg, while pressure is placed 
over the ipsilateral joint of patient who is lying prone. In 
Gaenslen’s test, the patient is lying supine as the contralateral 
hip is maximally flexed while the ipsilateral hip is extended. 
Patrick’s test stresses the SIJ and the hip by placing the hip in a 
position of flexion, abduction, and external rotation. In the SIJ 
shear test, the patient lies prone while a thrust is applied over 
the posterior iliac wing in an inferior direction with the palm 
of the doctor’s hand (46). In all these tests, reproduction or ag¬ 
gravation of the SIJ pain is sought. Care must be taken to rule 
out pathology from spinal, hip, or knee joints, or from muscles 
that may be stressed during the testing process, which could 
lead to an incorrect diagnosis. 

However, because of the unusual location and oblique 
three-dimensional orientation of the SIJ, direct examination 
(i.e., palpation) is impossible. In addition, because the SIJ has 
normally wide-ranging anatomic and movement variations, it 
is difficult to ascertain what is normal and what is abnormal. 
Tests assessing the mobility of the SIJ include motion palpation 
tests (c.g., the Gillet tests) and tests assessing joint play (136a). 
The procedures used in motion palpation of the SIJ have been 
previously described by others (46, 1 36—1 38). Tests have been 
developed to assess the movement of the SIJ and its surround¬ 
ing structures. Tests subjectively assess the qualitative and 
quantitative nature of the movement between the ilia and 
sacrum as well as the influence of the surrounding structures. 


Results are used in diagnosing and in making decisions regard¬ 
ing which manipulative procedure is to be used. 

Researchers have investigated the reliability of many tests 
used in the physical examination of the SIJ. Potter and Roth- 
stein (76) found that of the 1 3 SIJ tests assessed only two, iliac 
gapping and compression tests, had acceptable levels of relia¬ 
bility. Interestingly, these two tests relied solely on the pa¬ 
tient’s pain response to the therapist’s action, rather than an as¬ 
sessment of joint motion. Dreyfuss et al. reported 20% of 
asymptomatic individuals had a positive finding with several of 
the SIJ tests assessed, and they concluded that asymmetry of SIJ 
motion caused by relative hypomobility can occur in asympto¬ 
matic subjects (135). 

Laslett and Williams also assessed the reliability of selected 
pain provocation tests for SIJ pathology (1 39). They found 
moderate to almost perfect agreement with five of the seven 
tests selected and performed on patients with low back pain. 
However, sensitivity and specificity values could not be calcu¬ 
lated. Mierau found that a positive Gaenslen’s test for SIJ pain 
predicted an abnormal-appearing SIJ radiograph (132). Similar 
conclusions could not be reached with the Patrick or Yeoman 
tests. Dreyfuss et al. also assessed the value of physical exami¬ 
nations on the diagnosis of SIJ pain (140). Using anesthetic 
blocks as the “gold standard,” they concluded that no single one 
of the 1 2 SIJ tests nor a combination of them demonstrated 
worthwhile diagnostic value. The 1 2 tests included three pain 
drawings, pointing to the painful area, sitting with partial but¬ 
tock elevation from a chair on the affected side, Gillet test, 
thigh thrust, Patrick’s test, Gaenslen’s test, midline sacral 
thrust, sacral sulcus tenderness, and joint play. Similar conclu¬ 
sions were made by Maigne et al., who questioned the accuracy 
of the presumed SIJ provocation tests (85). Paydar et al. as¬ 
sessed the intra and interexaminer reliability of several SIJ tests 
(iliac crest height, tenderness of PSIS, sitting flexion test) and 
found only tenderness over the PSIS had acceptable agreement 
beyond chance (141). 

Unfortunately, motion palpation tests fared no better than 
the physical examination tests described above. Mior and Mc¬ 
Gregor also reported slight to fair agreement between and 
within examiners of the Gillet test for SIJ dysf unction (142). In 
another study, Decina and Mior used symptomatic, asympto¬ 
matic, and ankylosis spondylotic patients to assess the reliabil¬ 
ity and validity of the Gillet test in detecting motion of the SIJ 
(143). The findings revealed poor to slight agreement beyond 
chance. Examiners could not detect which of the patients had 
fused joints, thus questioning the validity of the test. On the 
contrary, Herzog et al. reported that the reliability of the Gillet 
test was statistically significant; however, they reported only 
percent agreement (143a). 

Considerable discrepancy exists between researchers and 
clinicians regarding the clinical utility of diagnostic findings and 
tests in accurately diagnosing SIJ pain. Increasing evidence in¬ 
dicates that the SIJ plays a role in the genesis of low back pain 
but the mechanism underlying this explanation and the meth¬ 
ods and information used to detect them are still uncertain. Al¬ 
though empirical evidence abounds, much remains to be 
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learned and researched. At this time, the diagnosis of SIJ syn¬ 
drome may be one of exclusion, and perhaps it is contingent on 
successful intervention. 

Imaging 

Several imaging techniques can be used to assess the integrity 
of the SIJ. Choice depends on the suggested diagnosis and the 
availability of the imaging modality. Plain him radiographs pro¬ 
vide visualization of the alignment, cortical outline of the bony 
structures, joint spacing, and surrounding soft tissues. Plain 
film is limited, making early detection of sacroiliitis difficult. 
Further, understanding the normal aging pattern in the joint 
will prevent making a pathologic diagnosis. For example, the 
iliac cartilage degenerates earlier than the sacral cartilage. Af¬ 
ter 30 years of age, radiographic changes include narrowed 
joint space, subchondral sclerosis, erosion, ankylosis, osteo¬ 
phyte formation, subchondral cyst, and joint asymmetry (1 19). 
After 40 years of age, these findings (except erosion and anky¬ 
losis) may not be considered pathologic or may warrant other 
imaging modalities. 

Early degenerative and inflammatory bony changes can be 
detected more effectively with scintigraphy using technetium 
phosphate compared with computed tomography (120—126, 
132). As ankylosis progresses, radioactivity progressively falls 
making this procedure less effective. It should be noted that 
nonsteroidal anti-inflammatory drugs also diminish SIJ uptake 
in scintigraphic procedures. The procedure is not usef ul in as¬ 
sessing the immature SIJ (1 27—1 32). 

Stress views of the SIJ maybe warranted if hyper mobility or 
instability is suspected. Relative movement of the SIJ and pu¬ 
bic symphysis is assessed with the patient standing and bearing 
weight first on one leg and then the other (Champerlain’s 
views). The radiographs arc assessed not only for pathology but 
also for the degree of vertical displacement of the pubis (62) 
(see above for measures). 

PAIN MANAGEMENT 

Management of SIJ pain is obviously dependent on the diagno¬ 
sis and on correcting the causative factor(s). Most mechanical 
SIJ pain can be ef fectively managed by a variety of conservative 
measures. These measures are directed at restoring the move¬ 
ment of the joint; eliminating or decreasing the pain; correct¬ 
ing imbalances in length and strength of the muscles of the 
trunk, pelvis, and lower limbs; educating the patient to avoid 
or modify causative factors; using supportive devices; and pro¬ 
viding rehabilitation protocols when necessary. Manipulation 
and muscle strengthening exercises provide satisfactory out¬ 
comes to SIJ pain of mechanical origin (46, 144, 145). 

In a prospective trial, 90% of patients who were diagnosed 
with chronic SIJ syndrome responded favorably to daily side 
posture high-velocity manipulativc-adjustive treatments over 
a 2- to 3-week period (69). Cox reported similar positive out¬ 
comes in his study (146). Dontigny reported that manual cor¬ 
rection of the SIJ provided relief to 90% of low back patients 


(81). However, attention must be paid to both the joint dys¬ 
function and the surrounding soft tissues. 

Surrounding soft tissue injuries may perpetuate the joint 
dysfunction or, in some cases, mimic an SIJ syndrome (Fig. 
5.18). In patients suspected of presenting with myof ascial pain 
syndromes, reproduction of symptoms by provocative trigger 
point examination helps make the diagnosis and develop the ap¬ 
propriate treatment plan (35, 147, 148). Many approaches can 
be employed in the management of soft tissue injuries, and 
knowledge and skill in applying them is essential. Some of the 
approaches include stripping or transverse friction massage, 
spray and stretch techniques using vapocoolant sprays, coun¬ 
terstrain technique, muscle energy techniques, and proprio¬ 
ceptive neuromuscular facilitation, to name but a few. 

In some cases, conservative care may not be effective in 
managing the patient’s pain. In such cases understanding the 
underlying causative factors is important. For example, pa¬ 
tients presenting with acute inflammatory conditions (c.g., 
ankylosing spondylitis) should not undergo high-velocity thrust 
manipulations or adjustments to the involved joint as these can 
aggravate the symptoms and prolong recovery. In this situa¬ 
tion, the adjustment is an absolute contraindication (149). In 
other cases, intra-articular injections have been helpful (150). 
In cases of joint hypermobility, a sacroiliac or trochanteric sup¬ 
port may be helpful (93). More severe injuries (e.g., pelvic 
fractures) may require surgical stabilization. (151 — 153). 

In summary, the clinician should first consider the diagnosis 
and then develop a plan of management that includes the ex¬ 
pected outcome after a certain number of visits. Patients with 
noncomplicated SIJ dysfunctions typically respond favorably 
af ter seven to nine visits of side posture manipulation. If a pa¬ 
tient fails to show evidence of improvement, further investiga¬ 
tion may be necessary or an altered approach to management 
should be considered. 

Manipulative-Adjustive Procedures 

Many manipulative—adjustive procedures have been described 
for the management of SIJ syndrome. They revolve around 
contacts on either the innominate or the sacrum. The decision 
as to which should be used has been based on the theories set 
forth by proponents of motion palpation or those using various 
radiographic mensuration techniques. Recent research sug¬ 
gests that different loads are transmitted through the pelvis de¬ 
pending on the manipulative thrust selected and the position of 
the patient (145). This may play a role in deciding which tech¬ 
nique is selected based on the patient’s tolerance to the applied 
external loads and to the individual’s ability to be properly po¬ 
sitioned for the thrust. 

Two of the most common manipulative procedures used in 
the management of fixations (subluxations) of the SIJ are for 
corrections of an anterior and posterior innominate. These are 
described and illustrated below. These procedures can be mod¬ 
ified by altering the hand contact position (e. g., correcting dys¬ 
functions of the sacrum are made by contacting the sacrum and 
applying force opposite to the direction of the lesion) (136). 
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Anterior Innominate 

In the anterior innominate procedure the intent is to move the 
upper innominate posteriorly by using both the leg and the is¬ 
chial tuberosity as levers. The patient is laterally recumbent 
with the involved side up and the up knee is Hexed. The doc¬ 
tor’s cephalad hand contacts the shoulder to stabilize the upper 
body to limit lumbar rotation, while the caudad hand contacts 
the ischial tuberosity. The thrust is made in an anterior cepha¬ 
lad direction on the ischium while the patient’s knee is further 
Hexed (Fig. 5.19). 

Posterior Innominate 

The patient is laterally recumbent with the involved side up, 
and the up knee Hexed for the posterior innominate procedure. 
The doctor’s cephalad hand is place upon the patient’s shoul¬ 
der to stabilize the upper body and limit lumbar rotation. The 
caudad hand contacts the PSIS and thrusts in an anterior direc¬ 
tion, while the doctor distracts the up leg down by dropping 
the body (Fig. 5.20). 

Flexion-Distraction Procedures 

The basic procedure in Hexion-distraction therapy to manage 
SIJ syndrome is to use the anatomic position of the innominates 
as a guide in selecting the proper technique. The position of the 
innominate is determined by inspection and examination. For 
example, in a posterior innominate the leg will appear short 
and the ilium will seem high and posterior on the involved side; 



Figure 5.19. High-v clocity ischial manipulative procedure for an an¬ 
terior innominate. 



Figure 5.20. High-velocity posterior superior iliac spine (PSIS) ma¬ 
nipulative procedure for a posterior innominate. 

spasm or trigger points will be found in select gluteal and lower 
limb muscles, and an apparent enlargement of the obturator 
foramen and lessening of the pelvic outlet vertical height on ra¬ 
diographs will be seen. 

Anterior Innominate 

A block is placed under the ASIS and traction is applied to the 
innominate. If both innominates are anterior, a Dutchman’s 
roll can be placed under the ilia and both ilia can be distracted 
simultaneously. A hand contact is placed on the L5 spinous 
process in a cephalad direction and held for 20 seconds while 
pumping the caudal section of the table up and down 2 inches. 
This 20-second distraction is repeated three times (Figs. 5.21 
and 5.22). 

Posterior Innominate 

A block is placed under the acetabulum and traction is ap¬ 
plied to the innominate. A hand contact is placed on the L5 
spinous process in a cephalad direction and held for 20 seconds 
while pumping the caudal section of the table up and down 2 
inches. This 20-second distraction is repeated three times (Fig. 
5.23). 

Mobilization Procedures 

In patients who present with a hypermobile SIJ or in acute pain, 
it may be beneficial to first mobilize the joint. The patient can 
be positioned in a supine or lateral recumbent position, while 
the doctor contacts either the ischium and ASIS (to induce pos¬ 
terior ilium rotation) or the PSIS and A11S (to induce anterior 
rotation). Repetitive low-amplitude, successive pressure is ap¬ 
plied in an attempt to produce movement in the joint. Shallow, 
controlled thrusts may also be used to patient tolerance. Using 
mobilization techniques while the patient produces a muscle 
contraction (e.g., modification of proprioceptive neuromuscu¬ 
lar facilitation technique) may also be helpful in facilitating the 
joint movement. 
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Figure 5.22. Flexion-distraction procedure for bilateral anterior in¬ 
nominate using a dutchman roll. 



Figure 5.23. Flexion-distraction procedure for a unilateral or bilateral 
posterior innominate. 

Exercise Procedures 

As discussed, the biomechanical modeling of the joint’s behav¬ 
ior places a significant role on the appropriate function and bal¬ 
ance of the trunk, pelvis, and lower limb muscles. Under- 


Table 5:1 


The Functional Restoration Program 


Phase 

Goal 

Activity 

Phase 1 

Decrease pain and 
inflammation 

Ice and modalities, 
nonsteroidal anti¬ 
inflammatory drugs 
Postural education and 
muscle therapy 

Phase 2 

Restore range of 
motion 

Manipulation/mobilization 
Flexibility and muscle 
balancing, gait 
Dissociative movements 
(beginning) 

Elementary stabilization 

Phase 3 

Improve strength 
and stability 

Intermediate/advanced 
stabilization 

Proprioceptive retraining 
Dissociative movements 
(intermediate/advanced) 
Plyometrics, resistive 
exercises and weights 

Phase 4 

Return to work 
or play 

Task- or work-specific 
activities 


Modified from Fortin JD. Sacroiliac joint dysfunction: anew perspective, 
journal of Back Musculoskeletal Rehabilitation 1993;9(2):407—41 8. 


standing the biomechanical behavior of a joint ensures that at¬ 
tention is paid to structures other than the joint itself. Kuchera 
stresses that attention must be paid to the soft tissues by facili¬ 
tating muscle re-education and postural balancing (1 54). In his 
opinion, the most common cause of somatic dysfunction is a 
faulty movement pattern resulting from muscle imbalance and 
postural overstrain. The clinician should carefully assess the 
muscles and provide appropriate range of motion stretching 
and strengthening exercises. For example, clinical experience 
suggests that treating a posterior innominate should include 
balancing the gluteal muscles by relaxing the gluteus maximus 
and strengthening the gluteus medius and minimus; strength¬ 
ening the quadriceps and stretching the hamstrings; and 
strengthening the internal and external abdominal muscles. 
The abdominal muscles may play a role because they have been 
shown to be moderately to very actively involved during un¬ 
constrained erect standing (155). 

However, clinicians should avoid the “cook book” approach 
to any exercise procedure or protocol. Instead, they should as¬ 
sess and provide each patient with an individualized exercise 
program that addresses the tight and weak muscles, especially 
those found to play a role in stabilizing the SIJ (i.e., gluteus 
maximus, biceps femoris, piriformis, and psoas) (64, 95). 

Rehabilitation 

Functional restoration programs should be implemented as 
soon as possible and designed with the individual patient’s need 
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in mind. A program for an elite athlete should be considerably 
different from that for a sedentary office worker. The funda¬ 
mental components of the program are similar, however, and 
have been summarized by Fortin (95). Fortin divides the func¬ 
tional restoration program into four phases, each designed to 
attain a specific goal (Table 5.1). The goal with any program is 
to facilitate the patient s return to activities of daily living and 
to try to avoid, or limit, the opportunities for symptom recur¬ 
rences. 

CONCLUSION 

In the opening quote to this chapter, Osier reminds us that 
while finding answers to questions we have empirically ac¬ 
cepted, we will undoubtedly discover that we actually have 
only few answers. This is especially true of current under¬ 
standing of the SIJ. This chapter presented information related 
to the anatomy, biomechanics, clinical presentation, and man¬ 
agement of related conditions of the SI J, although it is not a 
comprehensive treatment. 

In this chapter we have presented the view that the SIJ plays 
a role in the genesis of low back pain. Its diagnosis is depen¬ 
dent on the integration of the history and physical examina¬ 
tion. It also necessitates that the clinician rule out other more 
common and sinister conditions. Conservative management 
has been found effective, with invasive interventions required 
only in severe traumatic conditions. The nature of the me¬ 
chanics of the SIJ requires that attention also be paid to the sur¬ 
rounding soft tissues. Further research is necessary to confirm 
and add to the current level of knowledge of this important, 
yet enigmatic joint. 

We would like to acknowledge that all the anatomic figures pre¬ 
sented in this chapter have been painstakingly produced by Dr. 
Ro in the Anatomy Laboratory at the National College of Chiro¬ 
practor. We are indebted to his attention to detail and to his pre¬ 
serving the accuracy in the material included, without which this 
chapter would not have been possible. We also acknowledge the 
work of Ms. Bev Fuller and Ms. Julie Cox and their patience and 
understanding in the typing of the multiple drafts of this chapter, 
and to Drs. Lisa Caputo and Peter Cauwenbergs for their reviews. 
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CHAE SONG RO, M.D., Ph.D 


Chac Song Ro, MD, PhD, passed 
away during the writing of The 
Sacroiliac Joint chapter of this 
text. He had contributed to the 
same chapter in the 5 th edition of 
this textbook as well. 

Dr. Ro was a very special per¬ 
son, beloved and respected by 
friends, family, students, and 
those who worked with him. He 
was Korean by nationality, gradu¬ 
ated from medical school at 
Kyung-Sung University (which later became Seoul Univer¬ 
sity), served in the Korean Navy during the Korean War, and 
became a diplomatc of the Board of Psychiatry (Korea). He 
served as the chief of the neuropsychiatry section of the Ko¬ 
rean Naval Hospital from 1958 to 1961. He taught at Seoul 
University and Kyung-Hce University and earned his PhD 
from Seoul University in 1 968. He practiced at the Ro Mental 
Hospital in Seoul, Korea until migrating to the United States 
in 1978. In 1981 he began teaching at the National College of 
Chiropractic, in the Department of Anatomy. 

Dr. Ro’s training as a medical doctor and a PhD brought a 
great deal of understanding, knowledge, and clinical impor¬ 
tance to his teachings. He was known for his beautiful draw¬ 
ings, which are handsomely presented in this book. Very ac¬ 
tive in research and scholarship, Dr. Ro collaborated with 
William Bachop, PhD, professor of anatomy at National Col¬ 
lege, to determine the normal position and relationship of the 
anterior primary division, fibers from the sympathetic chain 
contributing to the recurrent meningeal nerve, spinal ramus of 


the segmental artery, and transforaminal ligaments within the 
intervertebral foramina. 

Gregory Cramer, DC, PhD, director of research at Na¬ 
tional College, states that Dr. Ro was the world’s leading au¬ 
thority on the anatomy of the sacroiliac joint. His writings have 
been read by thousands of chiropractors and have helped them 
understand this important region while being used to develop 
the best treatment protocols for countless patients with pain 
arising from the sacroiliac joint. His conclusions were based on 
thorough review and interpretation of the literature and me¬ 
thodical observation from meticulous dissections. 

In addition to his successful teaching and writing, Dr. Ro’s 
most distinctive characteristics were his sincere and warm 
smile and his humble, gentle, yet confident demeanor. Active 
in his church and community life, in his family life, as a prac¬ 
ticing physician, as a teacher, and as a scholar, Dr. Ro will be 
remembered most of all as a man of true grace. 

My greatest remembrance of Dr. Ro was seeing him dis¬ 
secting in the laboratory at National College one day, and 
upon asking what he was studying, he replied “I am dissecting 
out the sensory nerve supply of the lumbar spine and inter¬ 
vertebral disc.” This happened 10 years ago, the time when the 
pain sensitivity of the disc was being actively studied. Dr. Ro, 
true to his life, was a leader in that important work. Dr. Ro is 
appreciated and remembered for his contribution to this chap¬ 
ter and it stands as a tribute to his life. 

I wish to thank Gregory D. Cramer, DC, PhD, for his help 
in preparation of this memorial to Dr. Ro. 

James M. Cox, DC, DACBR 
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Transitional Segment 

James M. Cox, DC, DACBR 


Genius may be described as the spirit of discovery ... It is the eye of 
intellect, and the wing of thought ... It is always in advance of its 
time . . . (the) pioneer for the generation it precedes. 

—Simms 


chapter 


A chiropractic multicenter observational pilot study on the ex¬ 
amination procedures, diagnosis, and treatment of low back 
pain revealed that the condition requiring the greatest number 
of days and visits to attain maximal relief was the transitional 
segment (I). The same conclusion was reached by Schwerdt- 
ner (2) in discussing the causes of relapse of low back pain fol¬ 
lowing chiropractic treatment. In a study of 165 patients with 
therapy-resistant recurrent pain after manipulative treatment, 
he cited three factors that particularly contributed to the re¬ 
lapse: 

1. Inadequate stability. 

2. Inadequate muscular balance of the lumbar-pelvic-hip re- 
gion. 

3. Inadequate attention to the acquired peculiarity of lum¬ 
bosacral transitional anomalies. 

Schwerdtner states that the transitional vertebra is recognized 
as a factor predisposing to low back pain. He also states that ro¬ 
tation manipulation is contraindicated in asymmetric distur¬ 
bances of the lumbosacral transitional area. The best treatment 
is traction manipulation in the neutral position together with 
gentle muscle technique. 

Bressler and Deltoff suggest, on the basis of clinical infer¬ 
ence, that lumbosacral anomalies may predispose to aberrant 
sacroiliac mechanisms, which ultimately will lead to inefficient 
biomechanical adaptations and symptomatic manifestations 

( 3 ). 

One hundred twenty patients with hemisacralization of the 
L5 vertebra associated with low back pain underwent clinical, 
conventional radiograph, and computed tomography (CT) ex¬ 
aminations. More than 50% of the patients had scoliosis. One 
.third of the patients had disc lesions. Sacroiliac joint sclerosis 


was noted in two thirds of the cases. Almost all patients had an 
articulation between the hemisacralized side of L5 and the 
sacrum, which usually showed degenerative changes. Clinical 
symptoms were correlated to these CT and radiographic find¬ 
ings (4). 

Figures 6.1 and 6.2 reveal a classic bilateral pscudosacral- 
ization of L5. Four lumbar vertebrae are seen above this level, 
with degenerative disc disease at the L3—L4 and L4—L5 seg¬ 
ments. Traction spurs of the anterior vertebral body plates at 
these two levels, coupled with the marked loss of the disc space 
and some evidence of vacuum phenomenon, indicate long¬ 
standing degenerative change. Based on the work of Cailliet 
(5), approximately 70 to 75% of lumbar flexion occurs at 
L5—SI, with 20 to 25% observed at L4—L5, and only 5 to 10% 
at LI—L3 (Fig. 6.3). Because the thoracic spine does not par¬ 
ticipate in flexion-extension movements (most lumbar flexion 
occurs at L5—SI), it is estimated that 75% of the 2 1 9° range of 
total spinal flexion-extension movement occurs at the lum¬ 
bosacral joint (6). Degeneration of the L5—SI disc places the 
paramount responsibility for motion on the ccphalad disc lev¬ 
els. These discs often are seen to degenerate in a domino effect, 
beginning at L4—L5 and moving upward. 

Except for facet tropism, a change in the number of mobile 
vertebrae in the lumbar spine is the most significant congeni¬ 
tal vertebral anomaly that can cause low back pain. Lum- 
barization of the first sacral vertebra (giving the individual, in 
effect, six lumbar vertebrae) increases the lever arm of the 
lumbar spine and causes greater stress on the lumbar spine and 
the lumbosacral joint. In contrast, sacralization of the fifth 
lumbar vertebra (reducing the number of mobile vertebrae in 
the lumbar region to four) is unlikely to cause symptoms when 
the entire vertebra is solidly incorporated into the sacrum. 
Occasionally, only one transverse process articulates with the 
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Figure 6.1. The arrows point to the overdeveloped, spatulated trans¬ 
verse processes of 1.5 that form the pseudoarticulations with the sacrum. 
Note the four lumbar segments above. 





Figure 6.2. Lateral view of the patient in Figure 6. 1 shows degenera¬ 
tive changes of the L3 L4 and 14 1.5 discs (straight arrows ) with traction 
spurs of the anterior and lateral bodv plates. Note the narrowing of the 
L4—L5 intervertebral foramen (curved arrow). 


Figure 6.3. Segmental site and degree ol lumbar spine flexion. The de¬ 
gree of flexion, noted at each segment of the lumbar spine as a percent¬ 
age of total lumbar flexion, is indicated. The major portion of flexion 
(75%) occurs at the lumbosacral joint, 20% of flexion may occur at the 
L4—L5 interspace, and the remaining 5% is distributed between LI—L4. 
The forward-flexed diagram indicates the mere reversal past lordosis of 
total flexion of the lumbar curve. The lumbosacral angle is computed as 
the angle from a base parallel to horizontal and the hypotenuse drawn 
parallel to superior level of the sacral hone. The optimal physiologic lum¬ 
bosacral angle is about 50°, (Reprinted with permission from Weinstein 
PR, Ehni G, Wilson CB. Lumbar Spondylolysis: Diagnosis, Manage¬ 
ment, and Surgical Treatment. St. Louis: Mosby Book, 1977:14. Origi¬ 
nally based on Cailliet R. Low Back Pain Syndrome. 2nd ed. Philadelphia: 
FA Davis, 1968.) 
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Lumbosacral Transitional Vertebrae (sacralization of L5) 



■VA 


fC i CIBA 


A. Enlarged left 
transverse process 
of last presacral 
vertebra forms 
diarthrodial joint 
with lateral mass 
of sacrum 



Figure 6.4. Illustration ol lumbosacral transitional vertebrae (sacralization of L5) bv Frank H. Nettcr, 
MD. (Reprinted with permission from Keim HA, Kirkaldy-Willis WH. Clinical Symposia. Ciba Found 
Symp 1 980; 32(6):9, 1980. Copyright, 1980. [Novartis. Reprinted with permission from Clinical Sym¬ 
posia, 32/6, illustrated by Frank H. Netter, MD.] All rights reserved.) 


sacrum, altering spinal mechanics and resulting in severe insta¬ 
bility and stress (7). 

Unilateral lumbar vertebra sacralization or sacral vertebra 
lumbarization produces a condition known as Bertolotti’s syn¬ 
drome (Fig. 6.4), which has been diagnosed with increasing 
frequency in the past 10 years. Unilateral contact places un¬ 
usual stress on the spine, and the resulting torque movements 
often cause herniation of the disc one level above the sacraliza¬ 
tion or lumbarization. Herniation, in turn, produces symptoms 
of nerve root entrapment. In the patient with Bertolotti’s syn¬ 
drome, surgery to decompress the herniated disc should always 
include spinal fusion to weld the affected vertebrae together so 
that further torque stresses are eliminated. 

Wigh (8) found that none of 42 patients with a transitional 
segment who underwent disc surgery had any sign of disc pro¬ 
trusion at the level of the transitional segment. The disc at the 
transitional segment was hypoplastic, with the stress placed on 
the segment directly above it. Therefore, in an L5 transitional 
segment, the L4—L5 disc is under stress, and the level of pro¬ 
trusion will be found here, whether or not contained. 

CLASSIFICATION OF LUMBOSACRAL 
TRANSITIONAL VERTEBRAE 

Morphologic and clinical characteristics with respect to herni¬ 
ated nucleus pulposus were used to develop a classification of 
lumbosacral transitional vertebrae (9) (Fig. 6.5). 


Type I. Dysplastic transverse process. (4) Unilateral; (B) bi¬ 
lateral. A large triangular-shaped transverse process, mea¬ 
suring at least 19 mm in wi dth is seen. 

Type II. Incomplete lumbarization or sacralization. (A) Uni¬ 
lateral; (B) bilateral. A large transverse process forms a 
pseudoarticulation between the transverse process and the 
sacrum. This appears to be a diarthrodial joint. 

Type III. Complete lumbarization or sacralization. (A) Uni¬ 
lateral; (B) bilateral. A true bony union exists between the 
spatulated transverse process and the sacrum. 

Type IV. Mixed. The patients who fall into this category ex¬ 
hibit type II (pseudoarticulation) on one side and type III 
(bone fusion) on the other. 

The terms “lumbarization” and “sacralization” were not used 
because the total number of vertebrae in the patients’ spines 
could not be determined. 

The sex distribution of lumbosacral anomaly showed a 
greater incidence in men (71.5%) than in women (28.5%). 

Conclusion 

Type II unilateral or bilateral pseudoarticulation between the 
transverse processes and sacrum has the highest incidence of 
disc herniation at the disc above the transitional segment. 
Types I, III, and IV do not produce any higher incidence of disc 
herniation above the transitional segment. 
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Figure 6.5. Classification of lumbosacral transitional vertebrae ac¬ 
cording to racliomorphologic and clinical relevance with respect to lum¬ 
bar disc herniation. (Reprinted with permission from Castellvi AE, Gold¬ 
stein I.A, Chan 1)PK. Lumbosacral transitional vertebrae and their 
relationship with lumbar extradural defects. Spine 1 984;9(5):493—4-95.) 



Figure 6.6. Note the bilateral sacralization of the fifth lumbar verte¬ 
bral transverse processes (straight arrows). Also, the fourth lumbar right 
superior articular facet hvpcrtrophv is shown by the curved arrow. 



Figure 6.7. L4 is a true spondylolisthesis with the arrow denoting the 
pars intcrarticularis fracture. 
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Cases 1 and 2 

A 40-year-old white chiropractor (case 1) had low back pain for 
several years, but in the last 4 years it had been getting progres¬ 
sively worse, to the point that at times his right leg gave out from 
under him when he was walking. He stated that both legs felt 
asleep. 

Examination failed to reveal any motor or sensory change of 
the lower extremities. The straight leg raises were negative except 
for some shortness of the hamstring muscles. The deep reflexes 
were +2 bilaterally. The gluteus maximus and hamstring muscles 
were grade 5 of 5 strengths. 

Radiographic examination (Figs. 6.6 and 6.7) showed one of 
the most interesting studies I have ever seen. Figure 6.6 revealed 
a transitional fifth lumbar segment, namely a sacralized fifth lum¬ 
bar vertebra. Note the hypertrophy of the right superior L4 artic¬ 
ular facet. The pars interarticularis fracture is visualized on lateral 
projection. 

Here, we see a forward slippage of the fourth lumbar verte¬ 
bral body on a transitional fifth lumbar segment. This is truly a 
Bertolotti's syndrome with actively degenerating disc tissue and 
annular fiber stress of the L4-L5 level. 

Figures 6.8-6.10 (case 2) reveal a transitional L5 segment and 
true spondylolisthesis at L4. Cases 1 and 2 represent the only two 
cases I have seen in clinical practice of a transitional segment with 
spondylolisthesis at the segment above. Case 2 is courtesy of Al¬ 
ice Wright, DC, Hatfield, Pennsylvania. 

In the treatment of transitional L5 segment, a Dutchman flex¬ 
ion roll is placed under the L5 segment as shown in Figure 6.11. 
The contact is placed on the spinous process of L4 while flexion 
distraction is applied with the caudal section of the table. A de¬ 
scription of technique application to patients with and without 





Figure 6.9. L4 is anterior on L5. Note the step defect (arrow) of the 
L5 anterior superior vertebral plate due to failure of epiphyseal develop¬ 
ment. 



Figure 6.8. Both L5 transverse processes are overdeveloped and spat- 
ulated, forming pseudoarticulations with the sacrum (arrows). (This case 
is courtesv o I Alice Wright, DC, Hatlield, PA.) 



Figure 6.10. 


The arrow denotes the pars interarticularis fracture at L4. 



242 


Low Back Pain 



Figure 6.11. Distraction is applied to a patient with a transitional seg¬ 
ment ol L5. A llcxion Dutchman roll is placed under the L5 level, and the 
thenar contact ol the doctor’s right hand contacts the spinous process ol 
L4, the vertebra above the transitional segment. A downward tractive 
force is applied to the caudal section ol the table, while the spinous 
process is vectored cephalad. This force is applied until the doctor leels 
the space between the spinous processes under the contact hand become 
taut or begin to separate. This application ol tractive lorce is applied re¬ 
peatedly at about live or six such applications per 20-second period ol 
time until such time as the desired motion is sensed bv the contact hand. 

y 

We then place the segments through the other ranges of motion as shown 
in Figure 6.12. The above technique is applied to the transitional seg¬ 
ment, without spondylolisthesis above the level of transitional segment, 
as shown in Figure 6.2, in which the patient has a degenerative disc and 
loss of the intervertebral foramen vertical diameter at L4—L5, forming a 
facet syndrome at the L4—L5 level. If a spondylolisthesis is present above 
the transitional segment, the same procedure of care is followed except 
that the contact hand will be on the spinous process of the vertebra above 
the spondylolisthetic segment. Figure 6.9 shows this type of case. 



Figure 6.12. Lateral flexion is applied to the facet joints following the 
application of flexion distraction as shown in Figure 6.11. The spinous 
process is held firmly between the index finger and thumb as lateral flex¬ 
ion is applied with the caudal section of the Zenith-Cox instrument. The 
contact of the spinous process is done to ensure that the joints being ad¬ 
justed arc those directly caudal to the spinous contact. That is, if the 
fourth lumbar spinous process is contacted, only the facet joints between 
L4 and L5 are mobilized. Remember, in the absence of sciatica, the facets 
arc moved through their full physiologic ranges of motion. If sciatica is 
present, only flexion is performed until 50% relief of the leg pain is attained. 



Figure 6.13. Acupressure points are treated with deep compression 
before and after the application of manipulative procedures to the verte¬ 
brae found at lesion. These acupressure points are outlined in Chapter 
1 2, C are of the Intervertebral Disc Patient. 



Figure 6.14. Tetani/ing current is applied to the paravertebral mus¬ 
cles following manipulation, and sometimes prior to manipulation if 
muscle spasm is great. 



Figure 6.15. A lumbar support orthosis is worn for stabilization in pa¬ 
tients with great pain, especially if instability is found in the segment 
above the transitional segment. 
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spondylolisthesis above the level of transitional segment is shown 
in the legend of Figure 6.11. 

Figure 6.12 shows the spinous process contact made while the 
lumbar segments are individually placed in lateral flexion. A flex¬ 
ion roll is left in place to maintain slight flexion of the lumbar 
spine to prevent further stenosis of the spondylolisthetic slip. 

Figure 6.13 shows goading of the acupressure points B22 
through B49 prior to and following flexion-distraction manipula¬ 
tion. 

Figure 6.14 shows the application of tetanizing current to the 
paravertebral muscles following spinal manipulation. In addition, 
if the pain is severe, we apply alternating hot and cold packs as 
well; heat is applied for 1 0 minutes and cold for 5 minutes. 

Figure 6.15 shows a belt placed on such patients for stabiliza¬ 
tion. This belt contains a memory foam insert that molds snugly 
against the lumbar spine regardless of the contour. Transitional 
segments do well with this type of support while healing takes 
place. We start the patients on exercises to regain abdominal 
strength and stretch the hamstring muscles; in the case of 
spondylolisthesis in the transitional segment, we also prescribe 
knee-chest exercises. Such exercises would be Cox exercises 2, 5, 
and 9, asshown in Chapter 12, Care of the Intervertebral Disc Pa¬ 
tient. 

Case 3 

A 32-year-old white man, 71 inches tall, weighing 182 pounds, 
was seen for low back pain and numbness in the right foot. This 
pain had started 2 years previously with low back and complete 
right lower extremity pain and the patient had been treated by a 
chiropractor, who had relieved the leg pain, but not the numb¬ 
ness in the right foot. He then developed a severe antalgic pos¬ 
ture approximately 1 month prior to seeing us. He also developed 
complete low back and right lower extremity pain but no testicle 
pain. He lost approximately 40 pounds. It was suggested that he 
have a laminectomy. 

Examination revealed flexion at 30° and extension at 10°, both 
of which were extremely painful. Straight leg raising was positive 
on the right at 40°, creating both low back and leg pain, whereas 
the left leg created a well leg-raising sign at 80° with right low 
back pain. The right L5-S1 dermatomes were hypesthetic to pin- 
wheel examination. This patient could heel and toe walk nor¬ 
mally; however, the right gluteus maximus muscle was approxi¬ 
mately grade 4 of 5 strength compared with the left. Circulation 
in the lower extremities was within normal limits. 

Radiographic examination (Figs. 6.16 and 6.17) revealed a de¬ 
generative spondylolisthesis of L5 on SI, and the partes interar- 
ticularis are bilaterally intact. Anterolateral lipping and spurring 
are noted at the body plates of L4-L5. The transverse process of 
L5 is spatulated on the right side. The facets at L4-L5 appear to 
be tropic. Review of a myelogram taken by the surgeon revealed 
a large, central-type disc prolapse at the L4-L5 level and a smaller 
L5 right discal protrusion. Figure 6.18, an oblique view, reveals no 
pars interarticularis defect. 

Treatment was instituted with the usual rule that, if at least 
50% improvement was not obtained within 3 to 4 weeks of treat¬ 
ment, surgery would be recommended. Of course, with any in¬ 
creased motor weakness or cauda equina symptoms, surgery 
would be recommended earlier. The results of flexion-distraction 
manipulation were that, 6 days following the onset of treatment, 
the patient stated that he was “remarkably free of pain." He was 
started on Nautilus exercise consisting of extension. This patient 
had extremely short hamstring muscles, and stretching with pro¬ 
prioceptive neuromuscular facilitation was instituted. Acupres¬ 
sure points B22 to B54 were treated. 

This is the only case of transitional segmentation with spondy¬ 
lolisthesis at the same level that I have ever seen. 



Figure 6.16. The posteroanterior x-ray study reveals the right trans¬ 
verse process of L5 to he spatulated (straight arrow), whereas the left su¬ 
perior sacral Facet forms an articulation with the lamina of L5 (curved 
arrow). 



Figure 6.17. A lateral projection view of the patient in Figure 6.16 
shows that L5 is anterior on the sacrum, a pseudospondylolisthesis at the 
level of a transitional segment. This is an unusual condition, because 
pscudospondylolisthesis occurs 90% of the time at the L4 segment. 
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Figure 6.18. Oblique view shows an intact pars interarticularis at L5, 
the level ot forward slippage shown in Figure 6.17. 



Figure 6.19. Left lateral flexion of the lumbar spine is seen, with left 
lateral flexion subluxation of L4 on L5 noted. The right transverse 
process of L5 is spatulated, forming a pseudoarticulation with the sacrum 
(arrow). 



Figure 6.20. Note the rudimentary disc at L5—SI, the level of the Figure 6.21. T2-weighted sagittal image showing the large L4—L5 disc 

transitional segment. The L4-L5 disc is degenerated as seen typically in protrusion and the T1 2-L.l degenerative disc disease and small disc pro- 

Bertolotli’s syndrome. trusion. This is the presurgical magnetic resonance image. 
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Case 4 

A 40-year-old man had right L5 dermatome pain lasting for ap¬ 
proximately 1 month. He had seen a neurosurgeon and had a 
myelogram, and surgery was recommended. 

Examination findings included straight leg raising positive on 
the right at approximately 20°. The deep reflexes were active and 
+2 equal bilaterally with no signs of motor weakness noted. 

Radiographic examination (Figs. 6.19 and 6.20) revealed a lev- 
orotatory list of the lumbar spine with L4 in left lateral flexion sub¬ 
luxation on L5 and a transitional segment of L5 on the sacrum. 
This transitional segment has a large spatulated transverse pro¬ 
cessforming a pseudoarthrosis on the right side with the sacrum. 
Note the rudimentary disc at the L5-S1 level. 

The diagnosis here is a Bertolotti's syndrome, meaning the 
combination of a transitional segment with an intervertebral disc 
protrusion above. To reiterate, this means that all the flexion and 
extension movement must now occur at the L4-L5 disc, although 
normally 75% of such movement occurs at the L5-51 disc, which 
is now rudimentary, partially fused at the sacrum, and incapable 
of motion. This will lead to early degenerative change at the L4-L5 
disc, eventually causing protrusion and compression of the L5 
nerve root. This case represents a right L4 lateral disc protrusion. 

Treatment consisted of 3 weeks of daily flexion distraction, 
which resulted in progressive relief of the leg pain. It is to be re¬ 
membered that transitional segment requires more days and 
more visits than any other condition to achieve relief (1). 

Case 5 

A white 42-year-old woman complained of bilateral hip pain and 
left lower extremity pain into the plantar surface of the foot, de¬ 
scribed as a numb feeling. A year previously the L4-L5 disc had 
been surgically removed and Figures 6.21 and 6.22 show the 
large left central disc herniation, which contacts the thecal sac 
and fills the lateral recess. 

Figures 6.23-6.25 are the anteroposterior, lateral, and tilt 
plain radiographs showing the degenerative L4-L5 disc disease 
(arrows), the right sacralization of the L5 transverse process, and 
retrolisthesis of L4 on L5, which exceeds 3 mm, confirming insta¬ 
bility of L4 on L5. Discogenic spondylosis of the thoracolumbar 
spine is noted with T12-L1 degenerative disc disease and poste¬ 
rior disc protrusion (see arrowhead on Figure 6.21). 

This is an excellent case of Bertolotti's syndrome—unilateral L5 
transverse process spatulization and L4-L5 disc degeneration and 
herniation. 



Figure 6.22. Axial section at the L4- L5 

tral disc herniation contacting the thecal sac and occupying the left lateral 
recess. This is the prcsurgical magnetic resonance image. 



Figure 6.23. Anteroposterior lumbar spine and pelvic radiograph 
showing the right sacralized transverse process of L5 and sclerotic change 
of the right sacroiliac joint. 



Figure 6.24. Lateral plain x-ray Him shows the retrolisthesis subluxa¬ 
tion of L4 on L5, which exceeds 3 mm and the degenerative L4-L5 disc 
(see arrow) and rudimentary L5—Si disc space at the level of transitional 
vertebra. 
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Figure 6.25. Till view of L5—SI shows the spatulatcd L5 right trans¬ 
verse process fused to the sacrum. 




Figure 6.27. The L4-L5 disc herniation is reduced compared with 
Figure 6.2 1 in this enhanced magnetic resonance imaging study. Note the 
retrolisthesis of L4 on L5 and the hvperintense area behind the L5 verte¬ 
bral body, representing possible venoadiposc tissue or fat placed in the 
area at the time of surgerv to prevent scar tissue. 





Figure 6.28. Note the hvperintense area in the left central vertebral 
canal at the site ol previous surgerv (arrow). This represents probable scar 
tissue in this gadolinium-enhanced magnetic resonance image. 


Figure 6.26. Repeat magnetic resonance image I year postsurgerv 
shows reduction ol the L4—L5 disc protrusion shown in Figure 6.2 1 and 
6.22. Note the remaining T12—LI disc degeneration and herniation. 
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Repeat magnetic resonance imaging (MR!) was performed 1 
year postsurgery because of continued left leg pain of the same 
neural distribution. Figure 6.26 shows that the large L4-L5 disc 
herniation has been markedly reduced postsurgically. Figures 
6.27 and 6.28 are postgadolinium-enhanced sagittal and axial 
T1-weighted MRI studies showing enhancement of scar tissue 
within the left central vertebral canal at the site of previous sur¬ 
gical disc removal. The scar is seen to contact the left L5 nerve 
root and thecal sac. 

Treatment recommended was intramuscular injection of anes¬ 
thetic followed by distraction manipulation and back bracing to 
support the unstable L4 vertbral segment. Stabilization home ex¬ 
ercises of hamstring stretching, abdominal tightening, extensor 
muscle strengthening of the lumbar spine, abductor and adduc¬ 
tor muscle exercises, wobble board, low back wellness training, 
Nautilus extension exercise on achieving 50% pain relief, and 
wearing a back support for 2 months was suggested. If 50% re¬ 
lief was not attained within 2 months of such care, surgical fu¬ 
sion would be considered, but it was not strongly recommended 
because of thecal sac scar tissue and nerve root chemical irrita¬ 
tion and the decreased chance that surgery would benefit the pa¬ 
tient greatly because of possible increased scar formation. The 
patient has not yet consented to any form of care and is de¬ 
pressed over the problem. Counseling is recommended. 

Case 6 

A 33-year-old man was seen for low back pain subsequent to 
playing softball. He later bent forward, coughed, and felt severe 
sharp pain in the lumbosacral spine. He took muscle relaxants but 
continued to have pain and stiffness. 

Imaging studies are shown in Figures 6.29 through 6.35. These 
were taken 2 years previously to the current injury, when this man 
had left fifth lumbar nerve root dysesthesia of the lower extremity 



Figure 6.29. The spatulatcd transverse process (arrow) forms a 
pseudoarthrosis with the sacrum. 





Figure 6.30. The 1.5 SI disc is rudimentary, as is typical of the trail 
sitional segment (arrow). 



Figure 6.31. Oblique view shows the rudimentary facet joint forma¬ 
tion (arrow) compared with the normal levels above. 
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Figure 6.32. Lateral projection of the mvelographic examination Figure 6.34. Obliejue myelographic study shows the L4—L5 discal de- 
shows the filling defect (arrow) behind the L4-L5 disc space due to discal (arrow). 

protrusion compressing the dye-filled subarachnoid space. 



Figure 6.33. Posterior-anterior mvclographic study shows the filling 
defect at L4 1.5 (arrow). 



Figure 6.35. The computed tomography scan shows the large, left 
central discal protrusion that stenoses the lateral recess and enters the in- 
tervcrtebral canal (arrow). 








Chapter 6 Transitional Segment 249 


and had undergone surgery to correct it. Figure 6.29 reveals the 
spatulated transverse process of L5 as it forms a pseudoarticulation 
with the sacrum. Figure 6.30 demonstrates the rudimentary L5-S1 
disc that accompanies the transitional segment. Figure 6.31, an 
oblique view, further illustrates the underdeveloped facet joints at 
the transitional segment. Figure 6.32 reveals the discal protruding 
defect into the anterior dye-filled subarachnoid space. Figure 6.33, 
the posteroanterior study, shows the filling defect due to the L4-L5 
protrusion. Figure 6.34, oblique myelographic study, also shows 
the defect. The computed tomography (CT) scan in Figure 6.35 
shows a classic asymmetric left posterior protrusion of the left 
L4--L5 disc into the lateral recess and intervertebral canal. 

This is an excellent representation of Bertolotti's syndrome 
with which to end this chapter. At the time we saw the patient, 
he had no leg pain. This patient did heavy manual labor entailing 
repetitive bending and lifting. He was placed on a strong regimen 
of abdominal, low back, and gluteus maximus muscle strength¬ 
ening exercises. His hamstring muscles were especially con¬ 
tracted, and proprioceptive neuromuscular facilitation technique 
was used in lengthening them. 

Flexion-distraction manipulation at the L4-L5 level was ad¬ 
ministered, along with range-of-motion palpation, and motion 
was restored to the entire lumbar spine with lateral flexion, cir¬ 
cumduction, and progressive rotation into the upper lumbar lev¬ 
els. This patient made good progress in 1 month of care, at the 
end of which he stated he felt better than at any time since his 
surgery 2 years previously. 
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Fibromyalgia 

Lee J. Hazen, DC 


The human body represents the actions oj three laws, spiritual , 
mechanical and chemical, united as one triune. As long as there is 
perfect union oj these three there is health.” 

—DD Palmer (ad 1910) 


chapter 


Fibromyalgia is defined as “nonarticular rheumatism with 
widespread and chronic musculoskeletal aching or stiffness as¬ 
sociated with soft tissue tenderness at multiple, characteristic 
sites in the absence of an underlying cause” (1) ( Fig. 7.1). Fi¬ 
bromyalgia syndrome (FMS) is also commonly associated with 
constitutional symptoms that include fatigue and morning 
stiffness, which may suggest a psychoneurophysiologic mech¬ 
anism of dysfunction. Fibromyalgia can be further classified as 
idiopathic, post-traumatic, primary (without contributing dis¬ 
ease), or secondary (as a result of a primary disease). 

HISTORY 

Fibromyalgia syndrome has historically been misnamed and 
misunderstood. Although FMS has been recognized as a spe¬ 
cific clinical entity since the 1 800s, it is likely to have existed 
in the distant past as one of the many musculoskeletal disor¬ 
ders that afflict mankind. Descriptions of the constellation 
of symptoms associated with FMS appear in the medical lit¬ 
erature as far back as the writings of Hippocrates (460—377 
BC) (2). 

Since 1 904 when Gowers coined this disorder “fibrositis” 
(3), it has had various sobriquets, including “fibromyositis,” 
“myofascial pain syndrome,”“psychogenic rheumatism,”“gen¬ 
eralized tension myalgia,” “generalized nonarticular rheuma 
tism,” and “generalized soft tissue rheumatism” (4, 5). The 
term “fibromyalgia,” first suggested by Hench (6) in 1 976, has 
become the nomenclature of choice as it describes the essence 
of this painful syndrome ( fibro — fiber, myo — muscle, algos 
= pain, ia = condition). 

Fortunately, in 1990 the American College of Rheumatol¬ 
ogy endorsed the term “fibromyalgia” and dropped the dis¬ 
tinction between primary fibromyalgia occurring in the ab¬ 


sence of another condition and secondary (concomitant) fi¬ 
bromyalgia, which occurs with another disorder (1). 

INCIDENCE 

Fibromyalgia syndrome is estimated to affect approximately 3 
to 6 million individuals, and it represents 20% of rheumatol¬ 
ogy and 5% of family practice office visits. It is estimated to be 
present in 5% of the general population (7). It is the third most 
prevalent rheumatologic disorder (after osteoarthritis and 
rheumatoid arthritis) (8). 

Approximately 90% of FMS patients arc women (usually 
white) between ages 40 and 60 years (mean age 49) (9—1 1). 
Studies show 28% of fibromyalgia patients indicated they were 
age 9 to 1 5 at onset (12), and estimates are 8 to 28% of school 
children may have FMS (13, 14). FMS may also affect the el¬ 
derly (15,1 6). Of the 1 0 to 20% of cases that affect males, the 
presentation is no different than that for women (1 7). An ap¬ 
parent familial tendency is seen, with 1 2% reporting sympto¬ 
matic children and 25% reporting symptomatic parents. (18) 

DIAGNOSIS 

The current American College of Rheumatology classification 
criteria for the diagnosis of FMS are listed in Table 7.1. 

The key diagnostic feature is tenderness found at specified 
sites (Fig. 7.1), but diagnosis must also include the following 
findings: 

• Diffuse musculoskeletal pain for at least 3 months 

• Stiffness that is worse in the morning 

• Tenderness to digital palpation of at least 11 of 1 8 spe¬ 
cific points 
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Using these criteria, FMS can be diagnosed with a sensitivity of 
88.4% and a specificity of 81 .1% (1). In the American College 
of Rheumatology study, 56% of patients had all three symp¬ 
toms, and 81 % had two of the three. 

The central feature in the diagnosis of fibromyalgia is gener¬ 
alized body pain pain above and below the waist and on the 
right and left sides of the body. Although great variation is seen 
among individuals, an underlying uniformity is found in their 
pain pattern (1 9—22). Although fibromyalgia may be diagnosed 
by wide-spread pain and tenderness, the syndrome has a num¬ 
ber of other characteristic symptoms (Table 7.2). 

The key diagnostic feature of fi bromyalgia is identification 
of tender points at specific anatomic locations (shown in Fig¬ 
ure 7. 1). These tender points can be assessed by palpation or 
spring gauge algometry (Pressure Threshold meter from Pain 
Diagnostics and Thermography, New York, NY). Using the 
algomcter, 4 kg/cm 2 pressure is applied to each site; or man¬ 
ually until whitening of the examiner’s fingernails (equivalent 
to 4 kg/cm 2 ) on the examined site. A site is considered tender 
when a pressure of less than 4 kg/cm 2 induces an uncomfort¬ 
able sensation, with the patient responding to the examiner 
that pain was experienced (24). Pressure to the forehead is 
usually a good area from which to establish a control site as it 
is generally nontender. The existence of exaggerated tender¬ 
ness at anatomically reproducible locations is essential to an 
accurate diagnosis. Some sites may be somewhat tender in 
normal individuals, so their location should be verified by the 


examiner. These tender points may be largely unknown to the 
patient, and often they are not even central to the main areas 
of complaint. These tender point sites are typically bilateral 
and fairly symmetrically involved but asymmetry is not un¬ 
common (20). 

Also, the symptoms of fibromyalgia can be aggravated or re¬ 
lieved by many factors (Table 7.3). Chronic muscle pain and 
exhaustion, with multiple somatic complaints, has often led to 
a diagnosis of hypochondriasis or hysteria in patients suffering 
from fibromyalgia. The uniform constellation of symptoms in¬ 
cluding tension headache, muscle aches, generalized stiffness, 
fatigue, and a high incidence of irritable bowel syndrome and 
sleep disorders in addition to tender points in characteristic lo¬ 
cations makes fibromyalgia a readily definable syndrome within 
the spectrum of muscle pain syndromes. 


Table 7.1 


American College of Rheumatology 
Diagnostic Criteria for Fibromyalgia 

History of Widespread Pain 

Pain is considered widespread when all of the following are 
present: 

Pain in the left side of the body 
Pain in the right side of the body 
Pain above the waist 
Pain below the waist 

In addition, axial skeleton pain (cervical spine, anterior chest, 
thoracic spine, or low back) must be present. Shoulder and 
buttock pain is considered as pain for each involved side. 
“Low back” pain is considered lower segment pain. 

Pain on Digital Palpation in 1 1 of the 1 8 following sites of ten 
der points 

1. Occiput: bilateral, at the suboccipital muscle insertions. 

2. Low cervical: bilateral, at the anterior aspects of the 
intertransverse spaces at C5—C7. 

3. Supraspinatus: bilateral, at origins, above the scapular 
spine near the medial border. 

4. Trapezius: bilateral, at the midpoint of the upper 
border. 

5. Second rib: bilateral, at the second costochondral 
junctions, just lateral to the junctions on upper 
surfaces. 

6. Lateral epicondyle: bilateral, 2 cm distal to the 
epicondyles. 

7. Gluteal: bilateral, in upper outer quadrants of buttocks 
in anterior fold of muscle. 

8. Greater trochanter: bilateral, posterior to the 
trochanteric prominence. 

9. Knee: bilateral, at the medial fat pad proximal to the 
joint line. 

Modified from Wolfe F, Smythc HA, Yunus MB, et al. The American 

College of Rheumatology 1 990 Criteria for the classification of 

fibromyalgia. Report of the Multiccntcr Criteria Committee. Arthritis 

Rheum 1990;3 3:160-172. 
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Table 7.2 


Characteristic Symptoms of 
Fibromyalgia and Prevalence 

Symptom Prevalence (%) 


Pain symptoms 


Widespread pain 

98 

Neck 

oo 

U~i 

Low back 

79 

Posterior thorax 

72 

1 5 or more painful sites 

56 

Dysmenorrhea 

41 

Headache 

53 

Other symptoms 


Fatigue 

81 

Morning stiffness > 1 5 min 

77 

Sleep disturbance 

75 

Paresthesias 

63 

Urinary urgency 

26 

Raynaud’s phenomenon 

17 

Anxiety 

48 

Dry mouth 

36 

Prior depression 

31 

Irritable bowel syndrome 

30 

Modified from Wolfe E, Smvthe HA, Yunus MB, et al. The American 
College ol Rheumatology 1990 Criteria lor the classification of 
fibromyalgia. Report of the Multicenter Criteria Committee. Arthritis 
Rheum 1990; 3 3:160 172. 


||' I Table 7.3 

Factors Affecting Sym 
Fibromyalgia 

Aggravating Factors 

ptoms of 

Relieving Factors 

Excessive physical activity 

Restful sleep 

Physical inactivity 

Moderate activity 

Anxiety or stress 

Warm or dry weather 

Cold or humid weather 

Hot showers or baths 

Nonrestorative sleep 


Physical or mental fatigue 



Modified from Wolfe F, Smythe HA, Yunus MB, et al. The American 
College of Rheumatology 1990 Criteria for the classification of 
fibromyalgia. Report of the Multiccntcr Criteria Committee. Arthritis 
Rheum 1990; 3 3:160 172; and Hench PK. Evaluation and differential 
diagnosis of fibromyalgia. Rheum Dis Clin North Am 1989;! 5(1): 19—29. 


DIFFERENTIAL DIAGNOSIS 

Because of the nonspecific symptoms of pain, fatigue, and sleep 
disturbance associated with fibromyalgia, a plethora of muscu¬ 
loskeletal, systemic, and psychiatric diagnoses should be enter¬ 
tained. Multiple lists of potential differential diagnostic possi¬ 
bilities, which are often voluminous, have been published. 


However, the clinical use of such lists is limited, and a more 
practical differential list is suggested (Table 7.4). 

Fibromyalgia syndrome has many symptoms in common 
with other well-recognized functional disorders (2 5—27). It 
may be helpful for the clinician to keep three broad categories 
in mind during the examination. First, rule out major medical 
disorders; thereafter, distinguish between primary fibromyal¬ 
gia or fibromyalgia as a comorbid psychiatric disorder ( the 
most common comorbid psychiatric disorder is depression), or 
finally a primary psychiatric disorder with symptoms that 
mimic fibromyalgia. This is best accomplished with a referral 
to a mental health specialist. 

Although fibromyalgia occurs in association with other rheu¬ 
matic disorders that must be included in the differential diag¬ 
nosis, each disorder must be managed separately. It should be 
noted, however, that a diagnosis of fibromyalgia alone remains 
valid, regardless of any other diagnoses. Once other disorders 
have been discovered or ruled out, a treatment program can 
proceed. 

Although musculoskeletal symptoms are universal, the wide 
range of symptoms reported by patients with fibromyalgia in¬ 
dicates that musculoskeletal pain is only one of a large number 
of diverse physical symptoms. 

The overlap of symptoms of fibromyalgia with other condi¬ 
tions ( fibromyalgia tends to be a diagnosis of exclusion) often 
lead to both extensive investigative costs and frustration for the 
patient. A careful and thorough history and physical examina¬ 
tion are essential in helping direct the physician to the possibil¬ 
ity of other underlying disease processes. Often, diagnostic un¬ 
certainty may cause “doctor shopping,” useless diagnostic and 
invasive tests, and surgery, all of which accentuate the patient’s 
worry and perpetuate the “sickness behavior” (12). 

A through history, examination, and radiographs with a lab¬ 
oratory work-up to include a complete blood count (CBC), 
sedimentation (SED) rate, measurements of muscle enzymes 
and thyroid-stimulating hormone (TSH), rheumatoid factor, 
and antinuclear antibody determinations, should be sufficient 
both to rule out sinister pathology presenting as fibromyalgia 
and to secure the diagnosis of primary fibromyalgia (2 5). 


Table 7.4 


Practical Differential Diagnosis 
of Fibromyalgia 

Myofascial pain syndrome 
Chronic fatigue syndrome 
Depression/anxiety 
Multiple bursitis/tendinitis sites 
Endocrine myopathies 
Occult malignancy 

Connective tissue diseases (rheumatoid arthritis, systemic 
lupus erythematosus, polymyalgia rhcumatica, giant cell 
arteritis, polymyositis) 

Modified Irom Hcnch EK. Evaluation and differential diagnosis of 
fibromyalgia. Rheum Dis Clin North Am 1 989; 1 5(1 >: 19 29. 
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Many clinical and pathophysiologic similarities are found 
among fibromyalgia, myofascial pain syndrome (MPS), and 
chronic fatigue syndrome (CFS), including muscle changes, sleep 
disturbances, and depression. Yet, although these entities over¬ 
lap, distinguishing features of each should be briefly reviewed 

Myofascial Pain Syndrome 

First, let us review myofascial pain syndrome (Table 7.5), a 
syndrome characterized by painful, tender areas in muscles on 
palpation in association with muscle twitch and a zone of re¬ 
ferred pain (28). MPS is a nonchronic, localized disorder with¬ 
out systemic manifestations (2 5). Found in both sexes, it can 
occur at any age, with the peak prevalence between age 30 and 
60 (2 3). Although MPS has been described as occurring in most 
muscles of the body, it most commonly affects the axial mus¬ 
cles involved in maintaining posture (29). In contrast to fi¬ 
bromyalgia, MPS presents with a more identifiable precipitat¬ 
ing event, is more localized (particularly to a single body 
region), and features more prevalent trigger points with char¬ 
acteristic radiating patterns. This differentiates MPS from fi¬ 
bromyalgia, which involves multiple muscle groups and non- 
referring tender points. Some helpful differential features are 
listed in Table 7.5. Differentiation becomes clouded when pa¬ 
tients exhibit characteristics of both myofascial pain and fi¬ 
bromyalgia. Myof ascial pain can lead to fibromyalgia, with un¬ 
resolved localized muscle pain ultimately involving multiple 
muscle groups (30). Indeed, it has been suggested that muscle 
pain syndromes as a whole are neighboring stages of a biologic 
continuum of a single disorder. 

Chronic Fatigue Syndrome 

A second important disorder in the diff erential diagnosis of fi¬ 
bromyalgia is chronic fatigue syndrome. Criteria for the di- 




Table 7.5 

Features of Fibromyalgia and Myofascial 
Pain Syndrome 

Myofascial 

Feature Pain Syndrome Fibromyalgia 

Sex 

Men 2:1 

Women 10:1 

Tender point pain 

Referred trigger 
point 

Local 

Tender point 

Regional (usually 

Widespread 

distributions 

axial) 


Tender point 

Muscle belly 

Muscle-tendon 

locations 


junctions 

Stiffness 

Regional 

Widespread 

Fatigue 

Usually absent 

Debilitating 


Modihccl Irom Bennett RM. Confounding features of the fibromyalgia 
syndrome: Current perspective of differential diagnosis. Rheumatology 
1989; I 6(Suppl 19) : 58 61. 


agnosis of CFS remain controversial. Essential elements for 
the diagnosis of chronic fatigue syndrome include two major 
criteria: 

1. Chronic, persistent, and disabling fatigue. 

2. Exclusion of other conditions that may produce similar 

symptoms. 

Minor criteria comprise a constellation of symptoms (26). 
The number and extent of dolorimetry scores of tender points 
is the most significant feature distinguishing fibromvalgia from 
CFS. 

Fatigue, the hallmark of CFS, has an abrupt onset, occurring 
within hours or days. Chronic fatigue syndrome frequently fol¬ 
lows a viruslike illness (31). Other symptoms observed in these 
patients include low-grade fever, pharyngitis, myalgia, arthral¬ 
gia, sleep disturbance, visual problems, headache, malaise, and 
varying degrees of anxiety and depression. The illness can last 
from months to years but is not progressive; symptoms arc 
most severe during the first year. 

Diagnostic criteria proposed for CFS and fibromyalgia over¬ 
lap in many areas. In one study, a comparison of 27 patients with 
CFS and 20 patients with fibromyalgia revealed that patients with 
CFS who had pain at the time of the study had tender point scores 
identical to those of patients with fibromyalgia (7). The authors 
also found that severe fatigue and/or sleep disturbance were 
present in more than 90% of patients in both groups. In the pa¬ 
tients with fibromyalgia, 54% reported recurrent pharyngitis and 
52% thought their symptoms began with a flulike illness, charac¬ 
teristics that are more typical of CFS than fibromvalgia. One ex¬ 
planation for these findings may be that patients with fibromyal¬ 
gia are seldom questioned about fever, swollen lymph nodes, and 
sore throat, whereas patients with CFS are seldom examined for 
the presence of tender points (27 3 3). 

CAUSE AND PATHOPHYSIOLOGY 

The cause of fibromyalgia is unknown, although some authors 
note that patients often have an antecedent viral infection or 
traumatic event ( 32, 34—36). No evidence of an underlying 
cause or pathophysiologic basis for fibromyalgia currently ex¬ 
ists, although a myriad of mechanisms have been proposed. 

Included in the list of proposed mechanisms are lack of 
physical fitness (37, 38), sleep deprivation (39, 40), chronic 
muscle spasm with ischemia (41 45), disturbances in muscle 
microcirculation (41), adenosine monophosphate and creatine 
level imbalances (18), ncurohormonal imbalances (46), as 
well as other chemical imbalances that include tryptophane- 
serotonin levels (47), levels of corticotropin (ACTH) (48), 
prostaglandin and catecholamine changes (49), or so¬ 
matomedin C levels (50, 51). Stress and emotional disorders 
are also implicated, and they arc almost invariably associated 
with the clinical picture (52—54). Also postulated as causes arc 
viral infections (5 5—59), nutritional deficiencies (60—62), as 
well as the hypothesis of hypcrpcrmcability of the intestinal 
mucosa leading to the systemic cascade of antigenic invasion 
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(63—68). Unfortunately, little scientific evidence exists to 
support any of these hypotheses. 

MANAGEMENT AND TREATMENT 

Treatment of fibromyalgia can be difficult for both the physi¬ 
cian and the patient. A multifaceted treatment plan has shown 
the most promise for these patients. Treatments must be 
directed to stop the trend toward functional disability and 
chronic disease (25). This trend is reflected in a gradual in¬ 
crease in pain-related behaviors that correlate with an increase 
in physical disabilities and pain scores. 

The key to management of fibromyalgia is a firm diagnosis, 
followed by assurance that the condition is benign, noncrip¬ 
pling, and may eventually remit (69). Patients must be en¬ 
couraged to help themselves through positive environmental 
changes, and physicians must accept that they can only do so 
much to ameliorate these patients’ conditions (70). 

Because treatment protocol is so diverse, the chiropractor 
should focus on a team approach. This includes interdiscipli¬ 
nary relationships with other qualified health care practitioners 
(e.g., medical doctors, physical therapists, massage therapists, 
and psychotherapists). 

Using a team approach for more than 3 years, Nies (71) 
found that 70% of patients will have significant improvement 
in pain symptoms and functional capacity if the syndrome is 
identified early and the patient is well motivated. Treatment 
must be directed toward decreasing functional disability and 
chronicity and gradually increasing functional capability. This 
will tend to reduce the pain-related behaviors and dependence 
mentality that accompany fibromyalgia. 

Patient education is another key component in achieving 
satisfactory results with treatment. Patient education is impor¬ 
tant in assuring patients that they have a common, non¬ 
life-threatening condition and that little will be gained by see¬ 
ing multiple physicians and undergoing repeated tests. The 
more that patients understand their condition, the better they 
will be able to help themselves. Individualized programs can be 
devised in which the patient and family members assume an ac¬ 
tive role in treatment. As always, the doctor is responsible for 
the patient’s health care, and the patient is responsible for per¬ 
sonal health. 

Management programs for fibromyalgia sufferers must fo¬ 
cus both on the modalities that reduce pain and on instruction 
in posture, ergonomic training for activities of daily living and 
the work place, chiropractic manipulation to restore proper 
biomechanics, stretching exercises and gradual intervention 
with aerobic exercise, initial pharmaceutic intervention if war¬ 
ranted for pain management and restorative sleep, as well as 
sleep hygiene instruction. The chiropractor treating fibromyal¬ 
gia patients should ask the patient to modify activities of daily 
living, and help them recognize that temporary setbacks in¬ 
evitably occur and are part of the course of this frustrating con¬ 
dition. Fortunately, chiropractic manipulation and palliative 
modalities such as heat, massage, trigger point therapy, and 
stretching exercises will provide temporary relief . 


EXERCISE THERAPY 

Evidence indicates that aerobic exercise has a protective role as 
well as a treatment role in preventing FMS. Therefore, aerobic 
exercise is the cornerstone oj therapy (72, 73). 

Virtually all patients with fibromyalgia experience some de¬ 
gree of pain following initial exercise and as a result are reluc¬ 
tant to continue an exercise program, thus leading to further 
deconditioning (77). Furthermore, unconditioned muscles are 
subject to postexercise muscle soreness, which includes mus¬ 
cle pain, stiffness, tenderness, and reduced strength 24 to 48 
hours after exercise (74). This is particularly true of fibro¬ 
myalgia patients as it is likely they arc considerably de- 
conditioned. Immediate postexercisc effects may also reinforce 
the patient’s belief that there is no way to control the disease, 
which in itself may perpetuate noncompliance with treatment 
regimens and encourage “doctor shopping.” Also, patients may 
tend to be resistant to change because it implies change in 
lifestyle and activities of daily living, with some increase in dis¬ 
comfort and long-term effort. The chiropractor must inform 
the patient of the importance and difficulty of proceeding with 
an exercise regimen, encouraging gradual development of con¬ 
ditioning. Poorly conditioned muscles cannot be restored as 
quickly as conditioned muscles due because they have less 
glycogen storage and low adenosine triphosphate (ATP). 

Research has indicated that more than 80% of patients with 
fibromyalgia are not physically fit (74). Study results have sug¬ 
gested a “detraining phenomenon,” which can lead to habitual 
inactivity with a resultant common symptom complex that in¬ 
cludes palpitations, tachycardia, dizziness, headache, paresthe¬ 
sias, breathlessness, chest pain, abdominal pain, dysphagia, 
muscle pain, tremor, excessive sweating, fatigue, weakness, 
tension, and anxiety ( 37, 75). 

One study included 42 patients with fibromyalgia who were 
assigned to a 20-week program consisting of either cardiovas¬ 
cular fitness training or simple flexibility exercises (76). Blind 
assessments were made, and patients who received cardiovas¬ 
cular fitness training showed significantly improved cardiovas¬ 
cular fitness scores compared with those who received flexibil¬ 
ity training. Analysis showed clinical and statistically significant 
improvement in pain threshold scores among patients in the car¬ 
diovascular training group. These patients also improved signif¬ 
icantly in both patient and physician global assessment scores. 

Another study evaluated patients with fibromyalgia for hy¬ 
permobility of joints (74). The 2 1 0 patients who exercised dur¬ 
ing the study showed improvement, but patients with fi¬ 
bromyalgia who had articular hypermobility were more likely 
to exercise with greater improvement in symptoms. 

Although it is understandable that fibromyalgia patients do 
not want to exercise because of fatigue and pain, if they do so, 
the prognosis is greatly improved. 

CHIROPRACTIC CARE 

It should be noted that gentle chiropractic manipulation (par¬ 
ticularly distraction manipulation) is ideally suited to this pa- 
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ticnt population as it provides a stretching component to the 
soft tissues while relieving the intradiscal and facet joint pres¬ 
sures, which in turn reduces the necessary forces involved in 
providing a spinal adjustment. This form of chiropractic ad¬ 
justing is better tolerated by the fibromyalgia patient. Manipu¬ 
lation of hypomobile segments is essential; however, the doc¬ 
tor is strictly cautioned to avoid inducing hypermobility to the 
intervertebral motion segments (3-joint complex) as this will 
aggravate the overall condition. 

Chiropractic patients typically describe receiving a few 
hours of temporary relief after manipulation (1 to 2 hours), 
with a return of symptoms thereafter. This pattern, seen in the 
pain-spasm-pain cycle, often leads to increased dependance on 
the chiropractor, which is to be avoided. 

Wolfe 

had received chiropractic care reported moderate to great improvement. 
Chiropractic scored among the most effective 

providing more improvement. This is noteworthy, as it shows chiro¬ 
practic care to he more effective 

PHARMACOLOGIC INTERVENTION 

No single treatment method has been shown to be completely 
effective, and combinations of therapies are often used to re¬ 
lieve the symptoms of fibromyalgia. A number of pharmaco¬ 
logic agents have been used to treat FMS with mixed results. 

Low-dose tricyclic antidepressants (Elavil, Endep, Flexeril) 
are widely used in the treatment of intractable pain disorders. 
These agents offer various benefits, including antidepressant ef¬ 
fects, anti-inflammatory properties, effects on central skeletal 
muscle relaxation, and enhancement of pain-inhibiting factors 
through both serotonergic and noradrenergic pathways (79). 
The major pharmacologic action of tricyclic antidepressants ap¬ 
pears to be facilitation of central monoamine transmission by 
inhibiting serotonin and norepinephrine uptake at the synapse, 
thereby potentiating neuronal activity (1 0, 80—85). 

Low-dose tricyclic antidepressants have been effectively 
used at night to modulate sleep disturbance. These drugs ap¬ 
parently improve stage four sleep and probably increase the 
level of brain serotonin and other neurotransmitters. In addi¬ 
tion to improving sleep, adequate analgesia must be provided. 

Nonsteroidal anti-inflammatory drugs (NSAIDs) alone are of¬ 
ten not sufficient to relieve the aching and discomfort. However, 
NSAIDs combined with amitriptyline has a synergistic effect, and 
has proved more effective (84). Both amitriptyline (Elavil) and 
cyclobcnzaprine (Flexeril) have been used (79—86); however, it 
appears that in long-term therapy, some of the benefits of tri¬ 
cyclics may be lost, and the side effects are often daunting. 

Other authors doubt the utility of pharmaceuticals in the 
treatment of fibromyalgia because of an overall poor perfor¬ 
mance and side effects showing no improvement in 56.6% of 
patients using amitriptyline and no improvement in 46.3% of 
patients using cyclobcnzaprine (12). 

Opioid analgesics arc not indicated in the management of fi¬ 
bromyalgia. Nonopioid analgesics (acetaminophen) can be uti¬ 
lized as needed. 


Medication should play only a minor role in the treatment offi¬ 
bromyalgia because of the risk of dependency and the long-term inef¬ 
fectiveness of these drugs (78). 

These facts underscore the importance of combining con¬ 
servative therapies 

PSYCHOLOGICAL TREATMENT 

Cognitive therapy can be effective in relieving the patient’s de¬ 
pression, anxiety, anger, and so forth, as well as perhaps deal¬ 
ing more directly with stress reduction (71, 87) and ferreting 
out possible causative factors hidden in the patient’s psyche. 
Changing the fibromyalgia patients’ perspective of themselves 
and others can have a dramatic effect on their well being (88). 
Also, memory, comprehension, and concentration difficulties 
may be experienced by the patient (89). It should also be men¬ 
tioned that post-traumatic fibromyalgia patients report signifi¬ 
cantly higher degrees of pain, disability, life interference, af¬ 
fective distress, and a lower level of activity than do idiopathic 
fibromyalgia patients (90). 

MISCELLANEOUS THERAPIES 

Several other therapies have recently shown promise in the 
treatment of fibromyalgia syndrome. Here are a few notewor¬ 
thy examples. 

Goldenberg et al. found 96% of fibromyalgia patients in a 
relaxation/stress reduction course felt the program valuable 
and 75% showed at least moderate clinical improvement (91). 

Meditation-based stress reduction programs show 51% 
of fibromyalgia patients have moderate to marked improve¬ 
ment (92). 

Electromyographic (EMG) biofeedback techniques show 
improvement in pain scores, morning stiffness, and number of 
tender points even at 6-month follow-up (93). 

Electroacupuncture has also been shown to be effective in 
relieving the symptoms of fibromyalgia (94). 

The use of malic acid with magnesium was beneficial in 
the treatment of fibromyalgia, as tested in a double-blinded 
study (95). 

Vitamin E has long been suggested for rheumatic disorders 
as well (96). 

Homeopathic tincture of Rhus toxicodendron (poison oak) 
used in a double-blind, placebo-controlled, cross-over designed 
trial showed improvement in pain and sleep patterns (97—99). 

Other therapies include tender point injection therapy, 
counterirritant therapy, and the use of transcutaneous electri¬ 
cal stimulation (TENS), all of which have been disappointing in 
the treatment of FMS (1 00, 101). 

The greater the level of active patient involvement the more 
likely the patient will experience a favorable clinical outcome. 
However, as with any group of chronic pain patients, patient 
compliance is a significant problem. It may be difficult to wean 
the patient from drugs, physical medicine modalities, or care- 
receiver/codependent behaviors. In a 1994 study, it was 
shown that 1 3% of patients refused to attend treatment ses- 
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sions and others were discharged because of repeated disrup¬ 
tive behavior (101). 

The best recipe for relief of fibromyalgia would appear to be 
is a combination of patient education, rest, counseling, moder¬ 
ate aerobic exercise, stretching, nutritional intervention, and 
chiropractic care. 

PROGNOSIS 

The prognosis for patients with fibromyalgia remains unclear. 
We currently do not understand why certain patient’s with fi¬ 
bromyalgia seem to recover or adapt and others do not. 
Whether these differences are physiologic or psychological in 
nature is unknown. 

To date several studies on the prognosis of this curious syn¬ 
drome are conflicting. The longest study conducted on fi¬ 
bromyalgia found that many of the symptoms of fibromyalgia 
persisted at 10 years of follow-up. But most patients in the 
study reported that their overall condition had improved, and 
more than half characterized themselves as being “well” or 
“very well” (102). 

Another group of researchers in Australia reported that 
many patients with fibromyalgia actually recover; at a 2-year 
follow-up of 44 fibromyalgia patients, 47% no longer satisfied 
the criteria for fibromyalgia. This study also showed that sim¬ 
ple exercises were more effective than drugs or physical thera¬ 
pies (103). 

However, a 1994 study followed 176 post-traumatic fi¬ 
bromyalgia patients for 10 years. A dramatic reduction was 
found in the use of all forms of physical therapy, yet 85% of the 
patients continued to have significant symptoms and clinical ev¬ 
idence of fibromyalgia (104). 

A 1993 study showed a bleak outlook for patients with fi¬ 
bromyalgia. Ledingham et al. followed 72 patients for 4 years. 
At follow-up 97% still had fibromyalgia symptoms and 60% 
felt worse (105). 

Finally, another study from Sweden tracked 5 6 patients for 
5 years and showed that only 20% of patients had any im¬ 
provement with one half of the patients reporting a worsening 
of pain, f atigue, and sleep disturbances (41). 

SUMMARY 

Fibromyalgia is a common clinical entity seen in chiropractic of¬ 
fices today. Its diagnosis has been facilitated by the development 
of clinically usef ul criteria. Until more is understood about this 
syndrome, the empiric approach to treatment shows the great¬ 
est chance of relief . This approach is multidisciplinary and in¬ 
cludes die use of an empowering paradigm wherein the patient 
is taught to control his/her condition through proactive rehabil¬ 
itation. The prognosis remains unclear, perhaps because of the 
lack of this interdisciplinary approach being taken by more re¬ 
searchers. However, what does remain clear is that fibromyalgia 
patients may improve with reassurance that the condition can be 
helped with their cooperation, minimal acute phase modalities, 
short-term medication, nutritional supplementation, and chiro¬ 


practic adjustments coupled with a strong rehabilitation ap¬ 
proach. Chiropractic physicians are uniquely suited to address 
the management and treatment of this dif ficult syndrome, and 
they may have the means to afford the fibromyalgia sufferer the 
greatest relief of any health care provider. 
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Low hack pain (LBP) is a common condition in the United 
States; in Fact, it is the second most common symptom caus¬ 
ing a patient to seek medical care. At any given time, 6.8% of 
the population suFfers From hack pain. The direct and indirect 
costs oF medical care For LBP are more than $50 Billion per 
year (1). Peyo and Tsui-Wu (2) report that one third oFthe 
US population seek chiropractic care as a First-line treatment 
For LBP. Objectives oF treatments For LBP are to reduce suf- 
Fering, hasten recovery, and minimize recurrence or develop¬ 
ment oFchronic disability. A number oF treatment alternatives 
are available. 

Typically, the physician must determine From which tissue 
the pain is emanating and why. The poorest prognosis exists 
For the patient when LBP is caused by disc herniation and 
when neurologic deFicits are present. In these more difficult 
patients, several scenarios are possible. First, the condition 
may heal on its own during a period From 6 weeks to 1 year. 
Second, the patient can be prescribed orthotic supports. 
Third, the patient may require surgery. Fourth, the patient 
may seek a Form oF chiropractic treatment in an attempt to 
obtain relieF. This last option is selected by 31% oF US pa¬ 
tients with LBP (2). 

Manipulative or manual procedures have been used to treat 
spine-related disorders since antiquity (3). Chiropractic physi¬ 
cians deliver approximately 94% oF all manipulative treatment 
administered in the United States (4), and numerous studies 
have shown that some Forms oF manipulation are therapeuti¬ 
cally eFFective (5, 6). Further, manipulative therapy by chiro¬ 
practic physicians is cost-eFFective. Recent studies comparing 
costs show that manipulative therapy by chiropractic physicians 
costs one tenth that oF medical care (6). 

When a patient seeks chiropractic treatment For low back 
pain, a commonly used technique is Flexion-distraction. The 
first use of flexion-distraction in treating patients with low back 


pain is attributed to Stoddard (7), an osteopathic physician. He 
(7) suggests that another osteopathic physician, McManis, ini¬ 
tially developed the procedure, but no citation indicates that the 
development was ever documented in a published work. Stod¬ 
dard (7) also reported that the procedure was completely safe 
For treating mechanical and disc lesions in the lumbar spine, but 
data to support this contention are completely lacking. Begin¬ 
ning in 1974 Cox, a chiropractic physician, undertook a variety 
of modifications to the procedure. The history of these modifi¬ 
cations and recommendations For the use of the procedure are 
described (8). Although safety and efficacy are undocumented, 
a survey conducted by the National Board of Chiropractic Ex¬ 
aminers (9) in 1993 indicated that 52.7% of the chiropractors 
surveyed routinely employ Flexion-distraction in the manage¬ 
ment of LBP. The modality as modified by Cox is specifically de¬ 
signed to treat LBP disorders in which disc herniations of the 
lumbar spine are a prominent feature. 

RESEARCH ON 

FLEXION-DISTRACTION PROCEDURE 

The federal government has funded The National College of 
Chiropractic in collaboration with Loyola University Medical 
School to conduct research on this therapeutic procedure using 
the Flexion-distraction instrument. The technique is based on 
the hypothesis that vertebral decompressive displacements oc¬ 
cur during the Flexion-distraction procedure, and the neural 
Foraminal elements can be decompressed by providing in¬ 
creased foramina space in the lumbar spine. The funded re¬ 
search study addresses the following research questions: 

1. Does the flexion-distraction procedure create vertebral mo¬ 
tions and increase the intervertebral foramina (IVF) space in 
the lumbar spine in vitro? 
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2. How reproducible are the biomechanical effects of the 
Hexion-distraction therapy (i.e., what is the intra- and in- 
tcrclinician reliability of the biomechanical parameters) 
while administering this procedure in vitro? 

3. What arc the loads on the internal tissues of the spinal seg¬ 
ments L4—L5 and L5—SI, and are the tissues at risk of injury 
during the flexion-distraction procedure in vitro? 

4. Is there significant trunk muscle activity that may reduce the 
effectiveness of the procedure by affecting the transmission 
of loads and motion to the spinal segment in vivo? 

These questions will be addressed using the following specific 
aims during the proposed 3-year program: 

1. By conducting in vitro experiments with 10 unembalmed 
whole cadavers, we propose to quantify the following para¬ 
meters during the flexion-distraction therapeutic proce¬ 
dure: (a) the three-dimensional motions at L4—L5 and 
L5—SI segments, (b) dimensional changes of the IVF 
(height, width, and area) at L4—L5 and L5—SI segments, and 
(c) the loads applied to the subject. 

2. When three different chiropractic physicians are adminis¬ 
tering the therapeutic procedure three times on each of the 
10 unembalmed whole cadavers, we will quantitatively de¬ 
scribe the intra- and intcrclinician reliability of the biome¬ 
chanical parameters measured in the first specific aim. 

3. By means of a computer model developed by the investi¬ 
gators, we propose to estimate the internal loads on the 
disc and the ligaments of the L4—L5 and L5—SI spinal 
motion segments under the loads applied during the in 
vitro flexion-distraction therapeutic procedure. We will 
compare these loads with the failure loads of these tissues 
available in the literature to assess the risk of injury to 
these tissues. 

4. By means of in vivo experiments on 60 LBP patients, we will 
quantitatively describe the following biomechanical param¬ 
eters: (a) loads applied to the subject during the therapeutic 
procedure and ( b ) the electromyographic (EMG) activity of 
the right and left erector spinae, right and left abdominal, 
and right and left oblique superficial muscles surrounding 
the lumbar spine. 

These studies to measure the changes in the lumbar spinal 
canal dimensions (e.g., posterior disc height, posterior disc 
bulge, and dimensional changes in the IVF), as well as the ver¬ 
tebral displacements, will provide quantitative scientific data 
on the mechanism of action, as well as determine the biome¬ 
chanical limits of the flexion-distraction procedure. 

This information is vital for the following reasons: 

1. Biomechanical data will elucidate the mechanism by which 
this treatment is hypothesized to provide relief. This infor¬ 
mation, in turn, will assist clinicians in making a decision re¬ 
garding the appropriateness of this treatment for particular 
patients. Knowledge regarding the mechanism of action of 
flexion-distraction is essential for the design of an efficacy 


trial. Without such data, setting the inclusion and exclusion 
criteria for a randomized clinical trial of flexion-distraction 
becomes a matter of “crystal ball gazing” rather than a ratio¬ 
nal design decision. 

2. Biomechanical data are important to determine the repro¬ 
ducibility of this procedure. Once known parameters of 
loads and so forth are known, clinicians can be trained to de¬ 
liver the procedure using the biomechanical objective crite¬ 
ria as credentialing goals. 

3. Biomechanical data can provide objective information to 
define the limits of safety of the treatment procedure. For 
example, the loads applied during the flexion-distraction 
procedure will be greatly affected by the degenerative con¬ 
dition of the disc and ligaments. Thus, the biomechanical 
data will aid in modifying the procedure to suit the degen¬ 
erative conditions of the spine. 

4. Biomechanical data can be used to sec if the trunk muscu¬ 
lature EMG activity can significantly alter the loads trans¬ 
ferred to the spine during the flexion-distraction proce¬ 
dure, thus altering the biomechanical effectiveness of this 
procedure. The EMG data may aid in modifying this pro¬ 
cedure for the patients with significant muscle activity. 
This chapter present the current basic research findings 
thus far in progress on the flexion-distraction procedure. 
The research was funded by the Bureau of Health Profes¬ 
sions (BHPr), Health Resources and Services Administra¬ 
tion (HRSA), Public Health Service (PHS), and Depart¬ 
ment of Health and Human Services (DHHS) to conduct 
biomechanical research in understanding the mechanism 
of action of this procedure. The chapter reports on the 
studies conducted so far. These include (a) the radi¬ 
ographic measurement of the motion of the lumbar verte¬ 
brae of a cadaver under flexion-distraction treatment ( b ) 
mobility studies of the flexion-distraction table during 
treatment of low back pain (LBP) patients, (c) EMG activ¬ 
ity determination of the superficial muscles surrounding 
the lumbar spine on healthy volunteer subjects, (J) esti¬ 
mation of the loads on the ligaments and disc of the lum¬ 
bar spine, and ( e) the intradiscal pressure changes during 
the flexion-distraction procedure. 

Radiographic Studies 

This study was undertaken to determine whether or not verte¬ 
bral motions occur during the flexion-distraction therapy. An 
unembalmed cadaver was procured from Demonstrators Asso¬ 
ciation, Chicago, Illinois, and stored in a freezer at - 20°C un¬ 
til use. The cadaver was that of a 57-year-old white man weigh¬ 
ing 159 pounds, who had died of brain hemorrhage. The table 
was positioned in radiographic equipment to obtain lateral ra¬ 
diographs. A Plexiglas frame, with an embedded 5X5 mm 
grid made of lead balls, was placed on the table in the same po¬ 
sition as the center of the spine to determine the magnification 
associated with the radiographs. This radiograph of the lead ball 
grid was used to determine the magnification, and a magnifica¬ 
tion factor of 1.6 was calculated from the ratio of the distance 
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between adjacent lead balls on the radiograph to the actual dis¬ 
tance between the lead balls. 

Prior to experimentation, the cadaver was thawed at room 
temperature. The cadaver was positioned on the table in a 
prone position similar to that used during treatment, and radi¬ 
ographs were taken in two positions of the treatment proce¬ 
dure: neutral and extreme. The posterior and anterior points 
of the end plates of L4, L5, and SI were used as landmarks to 
measure the relative displacements between L4 and L5 and L5 
and SI. The results from the radiographs indicate a flexion an¬ 
gle of 6° between L5—SI and 3.5° between L4 L5, and in¬ 
creases of 3 mm posterior disc height for L5 SI and 1.87 mm 
for LT- L5. These results indicate that vertebral motions occur 
and widen the spaces available in the posterior region for neural 
elements. However, further studies are not proposed in this di¬ 
rection because the three-dimensional displacements cannot be 
obtained from the lateral radiographs alone and the physi- 
cian(even with the protection of lead apron) is vulnerable to ra¬ 
diation exposure. The preliminary study was performed to 
provide a rationale for the proposed studies of research design 
and methods. 

Mobility Study of the 
Flexion-Distraction Table 

Figure 8.1 is a photograph of the flexion-distraction table with 
the physician treating a patient with LHP. This study was un¬ 
dertaken to determine the ranges of the flexion-distraction 
table movements in clinical situations and to assess whether 
these ranges change as a function of patient population. These 


values will be used for the range of treatment while conduct¬ 
ing in vitro experiments on cadavers. A study on the flexibility 
of the table was conducted on 30 patients who had been treated 
by James M. Cox, DC for LBP using the flexion-distraction 
therapy. The patients ranged in age between 15 and 76 years. 
Their weights ranged from 52 to 1 54 kg (1 1 5 to 340 pounds). 
The flexion angles of the caudal portion of the table were 
recorded by a digital goniometer with a resolution of 0.1° 
mounted on the side of the moving portion of the table. 
Recorded angles were from the beginning position to the in¬ 
termediate therapy position and from the beginning position to 
the full extreme position of the therapy. The average angles 
were 3.4° to the intermediate therapy position and 6.6° to the 
extreme position. The difference in the angle from the inter¬ 
mediate position to the extreme position had a mean of 3.2° 
The maximal angle to the extreme position was 1 1°. No statis¬ 
tically significant correlations or differences were found with 
respect to the categories of age, sex, weight, and height of the 
patients. 

EMG Activity of Lumbar Muscles During 
the Flexion-Distraction Procedure 

This study was performed to identify the role of the muscula¬ 
ture during flexion-distraction therapy. Six superficial muscles 
surrounding the lumbar spine, namely, left and right erector 
spinae, right and left abdominal, and the right and left oblique 
muscles were studied with surface EMG. The diameter of the 
contact area of the surface electrodes was 2 cm and a bipolar 
spacing of 6 cm was used. EMG signals were monitored by 



Figure 8.1. A photograph of the experiment showing the flexion-distraction table and an 
electronic goniometer. 
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means of a microcomputer, and the root mean square (RMS) 
values of the muscle activity were computed in micro volts. 
Figure 8.2 shows a subject mounted with surface electrodes 
and placed in prone position for treatment. To provide nor¬ 
malizing baseline data, the EMG activity was obtained when the 
subjects were exerting their maximal voluntary strengths. The 
subjects were two male and two female healthy volunteers 
(with no history of back pain within the past 1 year) with ages 
ranging from 25 to 55 years. The subjects were positioned in 
an Isostation B200 (Isotechnologies Inc., Hillsborough, NC), 
which allows the evaluation of low back strength. The subjects 
were asked to exert their maximal strength in flexion, exten¬ 
sion, right and left lateral bending, and right and left rotation. 
EMG activity was recorded during the maximal voluntary ex¬ 
ertion and with the maximal voluntary strengths (Fig. 8.3). 
The maximal voluntary strengths ranged from 30 to 66.7 N-M 
(22.2 to 49.2 ft -1 b) in rotation, 69.8 to 1 14.3 N-M (51.5 to 
84.3 ft-lb) in lateral bending, 64.2 to 109 N-M (47.4 to 80.5 
ft-lb) in flexion and 96.2 to 131.6 N-M (71 to 97.1 ft -lb) in ex¬ 
tension. The RMS values of the EMG activity under these max¬ 
imal voluntary strength conditions varied from 39 to 247 j.iv for 
erector spinae, 73 to 142 jav for the abdominal muscles, and 61 
to 208 pv for the oblique muscles. 

The subjects were then placed on the flexion-distraction 
table and the EMG activities of these six muscles were recorded 
while the subject was both at rest with no treatment procedure 
and during the treatment procedure. The RMS values of the 
EMG activity indicate the activity of the muscles during treat¬ 
ment were one to five times the activity of the same muscles 
during rest. However, comparison of the EMG activity of the 
muscles while under treatment with the maximal EMG activ¬ 
ity during voluntary contraction indicates the activity to be 2 to 


12% of the maximal activity. Responses in patients with LBP 
may be higher or lower, suggesting that the activity of the mus¬ 
cles need to be monitored during flexion-distraction therapy. 
Consequently, in our proposed study we will monitor the pa¬ 
tients. The option of using the needle electrodes was consid¬ 
ered. However, this option was discarded because the same in¬ 
formation can be obtained without the discomfort of the 
needles. Furthermore, it is possible that needle electrodes 
would interfere with therapy. 

INTRADISCAL PRESSURE MEASUREMENTS 

The flexion-distraction treatment is based on the hypothesis 
that the intradiscal pressure decreases during the procedure, 
which may provide an opportunity for the disc bulge to reduce. 
However, no data exist to support this hypothesis. This study 
measured the changes in the intradiscal pressures in the lumbar 
spine on unembalmed cadavers during the flexion-distraction 
procedure. 

Materials and Methods 

Two miniature pressure transducers (Model # SPR-524) were 
purchased from Millar Instruments, Houston, TX, for this 
study and calibrated with specially built devices that can be 
pressurized or create a vacuum. These devices are fitted with a 
calibrated reference pressure gauge (Model: ASHCROFT; 
range: 0 to 20,686 mm Hg; accuracy: 0.25%) or vacuum gauge 
(Model: DURO-UNITED; range: 0 to — 762 mm Hg; accu¬ 
racy: 2%). While monitoring the voltage from the pressure 
transducers, we varied the input pressures from — 483 to 1062 
mm Hg. Figure 8.4 shows the calibration curves for both the 



Figure 8.2. A subject on the Ilexion-distraction tabic with surface electrodes placed on the lumbar muscles. 
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Figure 8.3. The subject exerting maximal voluntary contraction in a 
B200 machine. 


transducers used in this study. The calibration curves had 
straight line relationships with a linearity of 5% in the end range 
and a Pearson’s correlation coefficient of 0.9997 for the entire 
range of measurement that is desired for this study. 

We procured five unembalmed whole cadavers for this 
study (four male and one female; age range 43 to 75 years). The 
cadavers were frozen at — 20° C immediately after death and 
thawed at room temperature prior to experimentation. An 
anatomy consultant dissected some of the paraspinal muscula¬ 
ture to permit accurate insertion of the needle and pressure 
transducer. We inserted a Touhy epidural needle with stylette 
(17 gauge) into the nucleus of the disc (either L2— L3, L3 L4, 
or L4—L5). (Figure 8.5 shows a pressure transducer and a nee¬ 
dle used for the study.) We then removed the stylette and in¬ 
serted the miniature pressure transducer so that the sensor was 
exposed to the nucleus. We connected the pressure transducer 
to a computer through a signal amplifier and analog-to-digital 
converter. Figure 8.6 shows the close-up view of the intradis- 
cal pressure transducers mounted into the disc. We placed the 
cadavers in a prone position on the flexion-distraction table, 
similar to the positioning for a living patient. The treatment 
procedure consisted of five cycles of table motion in approxi¬ 
mately 20 seconds. The discs were pressurized with water us¬ 
ing a Cornwall continuous pipetting outfit (B-l) # 3052) con¬ 
nected by flexible tubing to a second needle in the disc of 
interest. LUER-LOK stopcocks allowed air to be bled from the 
system before pressurizing. 

An operator monitored the intradiscal pressures by means 
of the computer during the flexion-distraction procedure un¬ 
der two conditions: (u) the discs unpressurized and ( b ) the discs 
pressurized with water. The pressures were monitored during 
three separate trials with 30-minute intervals between each 


Pressure Transducers Calibration Curves 
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Figure 8.4. Graph showing the pressure transducers calibration. 
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trial. Mean values of the pressures before each cycle of the 
treatment procedure, pressures in the distracted position, and 
the changes in the pressures were computed for all 1 5 cycles of 
the three trials. 

RESULTS 

Figure 8.7 shows a typical plot of the change in the intradiscal 
pressure at an L4-L5 disc during five, 4-second applications of 
the flexion-distraction procedure. The same graph also shows 
the downward table motion. The downward table motion and 
the decreases in intradiscal pressure changes are in same time 
phase. The pressure returns to its original value during the up¬ 
ward movement of the table. 

Tables 8.1 and 8 .2 list the means and standard deviation val¬ 
ues of the intradiscal pressures before the treatment cycle and 
in the distracted position. The flexion-distraction procedure 
significantly decreased the intradiscal pressure in both the un¬ 
pressurized and pressurized discs. In the unpressurized discs, 
the disc pressure went into the negative range at the distracted 
position corresponding to the extreme downward motion of 
the table. The decrease in intradiscal pressure varied from 39 
to 192 mm Hg among the four discs tested in unpressurized 
mode (mean: 88.6, standard deviation [SD]): 64.2). The de¬ 
crease in intradiscal pressure was statistically significant (p 
<0.01). The injection of water in the disc raised the initial disc 
pressure to a mean value of 456 mm Hg (SD 227) in the prone 
position. The decrease in pressure ranged from 1 17 to 720 mm 


Hg (mean: 330, SD 222) duringtheprocedureandthedecrease 
was statistically significant (p <0.01). 

Discussion and Conclusions 

A significant decrease in intradiscal pressure during the flexion- 
distraction procedure for low back pain was observed. When 


For cadaver No. 5, two joints were monitored using two transducers. Only 
three cadavers were monitored without pressurization. The numbers in 
parentheses represent standard deviation values for 1 5 cycles. 


Table 8.1 


Mean Intradiscal Pressures (mm Hg) 
During the Flexion-Distraction 
Procedure (Discs Not Pressurized) 


Cadaver 

No. 

Joint 

Pressure 
in Initial 
Prone 
Position 

Pressure 

in 

Distracted 

Position 

Decrease 

in 

Pressure 

3 

L3-L4 

27 (22) 

-165 (37) 

192 (37) 

4 

L2-L3 

24(7) 

-15(2) 

39(9) 

5 

L3-L4 

IB (13) 

-48(2) 

61 (12) 


L4-L5 

-87 (37) 

-150(11) 

63 (10) 



Figure 8.7. Graph showing the changes in the intradiscal pressure during table up-and-down motion. 
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Table 8.2 


Mean Intradiscal Pressures 
(mm Hg) During the Flexion- 
Distraction Procedure (Discs 
Pressurized with Water) 


Cadaver 

No. 

Joint 

Pressure 
in Initial 
Prone 
Position 

Pressure 

in 

Distracted 

Position 

Decrease 

in 

Pressure 

1 

L4-L5 

417 (20) 

144 (5) 

271 (17) 

2 

L4-L5 

823 (290) 

103 (48) 

720(272) 

3 

L3-L4 

279(87) 

-34 (34) 

314 (83) 

4 

L2-L3 

266(49) 

149 (10) 

117(45) 

5 

L3-L4 

432 (37) 

162 (36) 

271 (28) 


L4-L5 

519 (37) 

232 (61) 

287 (50) 


For cadaver No. 5, two joints were monitored using two transducers. The 
numbers in parentheses represent standard deviation values t or 1 5 cycles. 


the discs were not pressurized, the pressures went below 0 mm 
Hg. When the discs were pressurized, the decrease in the in¬ 
tradiscal pressures was much larger, suggesting that in patients 
with higher intradiscal pressures, the decrease may be much 
higher during the treatment. The pressures returned to their 
original values when the spine was brought back to the initial 
prone position. 

Cyriax (10), Quillette (11), and Kramer (1 2) hypothesized 
that as the vertebrae in the spine are distracted, a negative pres¬ 
sure develops in the disc, and sucks back a protrusion. Nachcm- 
son and Elfstrom (13) pioneered the measurement of intradis¬ 
cal pressures during in vivo conditions of daily activities. 
Ramos and Martin (14) reported on the intradiscal pressure 
during a vertebral axial decompression (VAP) procedure on 
three patients measured intraoperatively. The results showed 
that the disc pressures reduced during the VAD therapy. They 
demonstrated that the disc pressures can go as low as — 160 
mm Hg. The results of the present study are in general agree¬ 
ment with the study reported by Ramos and Martin (14). An- 
dersson et al. (15) reported the intradiscal pressures at L3—L4 
disc on four volunteers during standing, lying, active traction, 
and passive traction. The findings showed an increase in disc 
pressure during both active and passive traction. The results 
from the present study do not agree with those results (15). A 
possible reason could be that the muscles of the in vivo subjects 
could have been contracting while under active and passive 
traction. Work is in progress to monitor the muscle activity 
during in vivo situations of treating patients using flexion- 
distraction procedure. 

Estimation of the Loads on the Ligaments and Disc of 
the Lumbar Spine 

The flexion-distraction procedure uses combined loads of trac¬ 
tion and flexion to a particular motion segment. Both flexion and 


traction increase the loads on the posterior ligaments. This sec¬ 
tion presents quantitative data on the loads of the posterior liga¬ 
ments of a lumbar motion segment (L4-L5) under loading con¬ 
ditions of traction and flexion. The analytic model of the lumbar 
motion segment was developed to estimate the ligament loads 
under the application of traction and flexion loads. 

Model Development and Methodology 

In our model the lumbar motion segments were idealized as a 
mechanical system of rigid bodies connected by means of springs 
and constrained by kinematic pairs. The vertebrae were ideal¬ 
ized as rigid bodies. The posterior ligaments (yellow ligaments, 
interspinous ligament, supraspinous ligament, capsular liga¬ 
ments, intertransverse ligaments) were modeled as simple lin¬ 
ear elastic springs. The intervertebral disc, including the ante¬ 
rior and posterior longitudinal ligaments, was modeled as an 
elastic member capable of resisting bending, and shear and axial 
forces. The facet joints were modeled as two convex curved sur¬ 
faces (one for the right and the other for the left articulating 
processes of the inferior moving vertebrae) that may come in 
contact with another two concave surfaces representing the su¬ 
perior articulating processes of the fixed vertebrae. These 
curved surfaces can be in contact with one another or can lose 
contact, thus representing the true behavior of facet joints. Fig¬ 
ure 8.8 describes the model idealization and the forces acting on 
the motion segment, disc, ligaments, and facet joints. The geo¬ 
metric parameters and the elastic properties (16—20) from the 
existing literature were incorporated into the model. The 
methodology is based on the principle of static equilibrium in 
the displaced position caused by the external forces that has been 
used by Hong and Suh (21). External moments were applied in 
increments. The three-dimensional displacement matrix (con¬ 
sisting of three translations and three rotations) approach was 
used for the derivation of the equilibrium equations. The equi¬ 
librium conditions w ere applied in the displaced position of the 
moving vertebrae. The equilibrium equations have nonlinear re¬ 
lationships between the external forces and the displacements. 
The constraint equations of the facet joints w ere applied when¬ 
ever facet joints come in contact with one another. These non¬ 
linear simultaneous equations w ere then solved by means of the 
Newton-Raphson iterative procedure. 

Input Data to the Model 

An L4—L5 motion segment was subjected to flexion external 
moment load in increments of 530 N-mm so that the displace¬ 
ments in flexion reached 3°, 6°, and 1 2° along with traction 
loads of 222 N, 444 N, and 888 N. The stiffness properties of 
the intervertebral disc and the ligaments were varied to cover 
a range describing the individual variations available in the lit¬ 
erature. Using these elastic properties available in the literature 
the responses of the motion segment w ere obtained under the 
combined loads of traction and flexion moment. 

Ligament Loads 

Figure 8.9 shows the results of the estimated loads on the liga¬ 
ments under the combined loads of flexion and traction. Also 
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Figure 8.8. Schematic diagram showing the model and the forces. 
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Figure 8.9. Ligament loads under different conditions of loading. 
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Figure 8.9. continued 


shown are the failure values reported by Myklcbust et al.(22) 
for the various ligaments. The ligament loads were estimated 
for a variety of’material properties of the motion segment such 
as stiffest condition, average conditions, highly flexible condi¬ 
tions, degenerated conditions. As can be seen from the graphs 
the loads on the ligaments are well below the failure loads un¬ 
der 3° of flexion and 222 N of traction as well as 6° of flexion 
and 444 N of traction loads for all types of material conditions. 
However, under loading conditions of 12° of flexion and 888 
N of traction the ligament loads do approach the failure loads 
for the respective ligaments under stiffest material conditions. 
This suggests that caution has to be exercised while treating stiff 
patients with large table motions and traction loads. 

Some of the research results presented in this chapter were 
presented at conferences Gudavalli ct al. (2 3—25) and work is 
under progress to complete the data analysis and submit man- 
user ipts. 
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Fifty-three percent of chiropractic physicians use Cox distrac¬ 
tion manipulation in patient care (1) and it is one of two “es¬ 
tablished” techniques in chiropractic (2). The biomechanics and 
effects of Cox distraction manipulation, the protocols of its 
proper implementation in clinical practice, and the outcome 
study of 1000 patients treated with it will be presented in this 
chapter. The outcome study shows: 

• Fewer than 4% of low back or leg pain patients were can¬ 
didates for surgery 

• Fewer than 9% of low hack patients reached the chronic 
stage of care 

• Mean number of days to maximal improvement with chi¬ 
ropractic adjusting and care is 29 

• Mean number of treatments to maximal improvement 
is 1 2 

Cox flexion-distraction manipulation can be successfully used 
to treat hack pain problems, from simple sprains or strain to se¬ 
rious disc herniations. 

Spinal manipulation has been equated with the practice of 
chiropractic and 94% of manipulative therapy perf ormed in the 
United States is perf ormed by chiropractic doctors (3). Chiro¬ 
practic represents the most rapidly growing segment of the 
professional health care services market (4). Cox distraction 
technique has been described in a reviewed text and in a num¬ 
ber of well-respected, peer-reviewed journals, by doctors pro¬ 
fessing to use distractive procedures, and is the only procedure 
in which any statistical analysis has been done on clinical ef fects 
for various conditions (5). 


DECISION-MAKING IN THE CARE OF THE 
LOW BACK PAIN PATIENT WITH AND 
WITHOUT SCIATICA 

A One-Month Course of 
Manipulation Recommended 

Following are some reports on clinical research in the treat¬ 
ment of low back pain. Spinal manipulation is appropriate for 
low hack pain without indications of sciatica. An all-chiroprac- 
tic panel states that “an adequate trial of spinal manipulation is 
a course of 1 2 manipulations given over a period of up to 4 
weeks, after which, in the absence of documented improve¬ 
ment, spinal manipulation is no longer indicated” (6). Spinal 
manipulation is safe and ef fective for patients in the first month 
of acute low hack pain symptoms without radiculopathy. For 
patients with symptoms lasting more than 1 month, manipula¬ 
tion is probably safe, but its ef ficacy is unproved. If manipula¬ 
tion has not resulted in symptomatic and functional improve¬ 
ment after 4 weeks, it should be stopped and the patient 
re-evaluated (7). 

Chiropractic As an Alternative 
to Hospitalization 

Nearly half of the hospitalizations in the United States for pa¬ 
tients with nonspecific hack pain and herniated discs were for 
diagnostic tests or pain control, which are safely perf ormed in 
the outpatient setting. A need is seen for improved outpatient 
and home-based alternatives to hospitalization (8). 
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Two to Three Months of Conservative Care 
Before Surgery for Disc Herniation 

Conservative care for 2 to 3 months is reasonable for disc her¬ 
niation patients before surgical consideration is considered. Pa¬ 
tients with radicular symptoms and signs caused by a herniated 
lumbar disc, but without definite indications for immediate 
surgery, should be observed for 2 to 3 months before a deci¬ 
sion is made regarding surgery (9, 10). 

Approximately 2% of all persons with low back pain un¬ 
dergo surgery for disc herniation (11). Surgical candidates in¬ 
clude patients with cauda equina syndrome and those with neu¬ 
rologic abnormalities that suggest a herniation who have not 
responded to 3 to 4 weeks of conservative therapy or who ex¬ 
hibit progressive neurologic deficit (12). 

Ninety percent of sciatica patients will get well with 
4 months of energetic, non-operative, conservative care. 
Definite indications for surgery are cauda equina syndrome, 
intolerable pain, and progressive muscle weakness. Further¬ 
more, the decision to continue the conservative regimen 
or to perform surgery should always be made with the pa¬ 
tient (10). 

Nonsurgical Care Provides 
Good Outcomes 

Schvartzman ct al. (13) comment that when a trial of con¬ 
servative treatment fails in patients with herniated lumbar 
intervertebral discs (IVD), surgery is usually recommended. 
However, they state that surgical care is not more cost effec¬ 
tive than non-surgical care, and it has no better outcome 
than continued conservative care. An initial 3 months of 
therapy is recommended, and, if the patient’s condition does 
not deteriorate during that time, conservative measures 
should be continued. A patient not responding to the initial 
trials of conservative therapy has the option to undergo con¬ 
tinued conservative treatment or to choose surgical inter¬ 
vention. 

Continuing conservative treatment is usually safe when 
pain is the principal problem, and progressive neurologic, mo¬ 
tor, or bowel and bladder dysf unction are not present. In com¬ 
parisons of the efficacy of conservative therapy and surgery, no 
significant dif ference in recovery of f unction has been reported 
between patients whose herniated discs resolved sponta¬ 
neously and those whose discs were surgically removed. Be¬ 
cause only 5 to 10% of patients with radicular pain require 
surgery, surgery should be considered only if symptoms have 
not been significantly alleviated after 6 weeks of conservative 
therapy (14). 

Between 2 and 10% of disc herniation patients may require 
surgery. Surgery is necessary when cauda equina symptoms are 
present or when there is progressive neurologic deficit or when 
the pain is intolerable. The decision to continue with the con¬ 
servative regimen or go to surgery should be the choice of the 
patient. 


CHIROPRACTIC DISTRACTION 
ADJUSTMENT—A POPULAR 
CONSERVATIVE TREATMENT REGIMEN 

To be considered a “health care system” or “healing technique,” 
an alternative method must claim to be curative; it must pos¬ 
sess a systematized body of knowledge or theory and a techni¬ 
cal intervention; and it must be executed by expert practition¬ 
ers (15). More than 60% of all physicians referred patients to 
alternative providers at least once in the preceding year and 
38% in the preceding month. Spinal manipulation is the most 
common ref erral condition to alternative providers (16). 

Technique 

Cox axial flexion distraction adjusting procedures, developed 
in 1973, were named “Cox distraction manipulation.” The 
technique has advanced in use through research, clinical valida¬ 
tion, and practitioner pref erence in treating many cases of low 
back pain of different causes. I never stated my procedures to 
be a singular treatment; rather, it is often combined with other 
forms of chiropractic treatment. 

Why such a growth in this technique? 1 think because it com¬ 
bines two biomechanical models axial distraction and flexion—in 
the treatment of lumbar spine pain conditions. 

This technique is acknowledged to be a marriage of chiro¬ 
practic and osteopathic biomechanical models of spinal manip¬ 
ulative adjustment. The work of John McManis, DO, devel¬ 
oper of the McManis osteopathic table, was described by 
Stoddard (17). 

McManis Technique ’ can he used in complete safety in all mechanical anJ 

disc lesions in the lumbar spine and is a movement used almost as a routine 

measure in the majority of cases ivith lumbar lesions. ” 

To ensure adequate venous drainage in the vertebral column, 
all the intervertebral joints should be freely moveable. Any re¬ 
striction of movement (the most important quality of the os¬ 
teopathic spinal lesion) in the spinal column is going to slow 
down the venous drainage in that area. 

The purposes of traction are the adjustment of position, the 
freeing of longitudinal adhesions, the relief of nerve root pres¬ 
sure, the separation of apophyseal joints, and the obtaining of a 
circulatory effect to decongest the intervertebral foramen and 
reduce the hydrostatic pressure inside the disc. 

Stoddard states principles of osteopathic technique as fol¬ 
lows: 

• Make a diagnosis 

• Restore normal mobility 

• Relax or stretch extraneous structures 

• Restore mobility by passive movements to intrinsic struc¬ 
tures by slow and rhythmic methods rather than sharp 
quick movements—long lever techniques 

• Indirect specific adjustments to restore mobility 
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• A specific thrust to alter the relationship of one vertebra 
with the one above and below 

• Use a minimum amount of force that is consistent with 
achieving the objective; undue force is negative 

The osteopathic lesion is any structural disturbance with 
consequent functional deflection. An osteopathic lesion is any 
departure from the normal relation of skeletal units that affects 
function detrimentally by limiting articular motion. 

Where the purpose of traction is the “adjustment of posi¬ 
tion,” either the a herniated disc is repositioned or adjacent ver¬ 
tebral bodies realigned (17). 

Note; Along the thinking of McManis and Stoddard, I treat all 
low back pain conditions with axial distraction adjustments. In¬ 
tervertebral disc herniations represent only 5 to 10% of my pa¬ 
tient load. The remaining 95% are patients with low back and 
thigh pain hut no sciatica. These patients are treated with axial 
distraction adjustments, beginning with axial flexion distrac¬ 
tion, followed by motion palpation of the facet joints through 
their normal ranges of motion, and restoration of physiologic 
ranges of motion. Therefore, to clarify my work: I treat all low- 
hack pain conditions with either manual or automated axial dis¬ 
traction, not just cases of intervertebral disc herniation. 

DEFINITION OF COX 
FLEXION-DISTRACTION ADJUSTING 

Cox flexion-distraction adjusting is a form of chiropractic 
adjustment of the intervertebral disc, posterior facet ele¬ 
ments, and osseoligamentous canals that provides the fol¬ 
lowing benefits: 

1. Increase the IVI) height to remove anular distortion within 
the pain-sensitive peripheral portion. The anulus Hbrosus 
bulges into the concave side or the posterior lordotic curve 
of the lumbar spine, and distraction under slight traction re¬ 
duces this protrusion (18—20). 

2. Decrease intradiscal pressure by creating a centripetal force 
on the protruding nucleus pulposus to allows it to assume its 
more central position within the anulus hbrosus (21, 22). 

3. Remove subluxation of the facet articulations and restore 
physiologic motion to the posterior elements of the verte¬ 
bral motion segment. 

4. Improve posture and locomotion while relieving pain, im¬ 
proving body function, and restoring a state of well-being. 

Caution and knowledge must he applied in distraction tech¬ 
niques as certain traction techniques can actually cause an in¬ 
crease in intradiscal pressure (23), which would he undesirable 
in the treatment of low hack pain associated with herniated 
discs and neurocompression. Sensitive to this point, I will next 
discuss the biomechanical differences in applying distraction in 
flexion and extension postures of the lumbar spine, and point 
out the advantages of flexion of the lumbar curvature w hen dis¬ 
traction is applied. 


EFFECTS OF FLEXION- 
DISTRACTION ADJUSTMENTS 

Positive Effects of Flexion Distraction 

Figure 9.1 outlines the physiologic and therapeutic effects of 

applying flexion distraction adjustment to the lumbar spine. 

The se effects are as follows: 

1 . The posterior disc space increases in height (22, 24—26). 

2. Flexion decreases disc protrusion and reduces stenosis (22, 
24, 25, 27—29). Note: Discs protrude and degenerate into 
the concavity of a curve, and into the side of extension, lor¬ 
dosis, or lateral flexion (19). 

3. Flexion stretches the ligamentum flavum to reduce stenosis 
(24,25). 

4. Flexion opens the vertebral canal by 2 mm (16%) or 3.5 to 
6 mm (28, 29). 

5. Flexion increases metabolite transport into the disc (20). 

6. Flexion opens the apophyseal joints and reduces posterior 
disc stress (20, 30). 

7. The nucleus pulposus does not move on flexion (31). In¬ 
tradiscal pressure drops under distraction (22) to below 100 
mm Hg (21). On extension the nucleus or anulus is seen to 
protrude posteriorly into the vertebral canal (25, 27, 32, 33). 

8. Intervertebral foraminal openings enlarge giving patency to 
the nerve or dorsal root ganglion (DRG) (30). 

Extension-Distraction Effects 

Figure 9.2 outlines the effects of applying extension-distraction 

adjustment to the lumbar spine. These effects are as follows: 

1. The posterior disc space decreases in height (25). 

2. Extension causes discs to protrude and produces stenosis 
(19, 25, 27-29). 

3. Extension causes the ligamentum flavum to buckle into the 
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Figure 9.1. Flexion distraction positive effects on the intervertebral 
disc space height, intervertebral osseoligamentous canal diameter, and 
facet joint spacing and subluxation. 
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©1996 COX® Extension Illustration 

Figure 9.2. Extension distraction effects on the intervertebral disc 
space height, intervertebral osseoligamentous canal diameter, and facet 
joint spacing and subluxation. 

vertebral canal causing stenosis and possibly cauda equina 
compression (25). 

4. Extension causes the vertebral canal to close 2 mm (16%) 
or 3.5 to 6 mm from flexion causing stenosis (28, 29). 

5. Extension closes the apophyseal joints and increases poste¬ 
rior disc stress (25, 30). 

6. The intradiscal pressure is greater on extension. Nucleus 
pulposus and anulus fibrosus move posterior on extension 
(24, 25, 27, 30, 32, 34). 

7. Extension causes the intervertebral foraminal openings to 
close, which causes stenosis to the nerve (30, 34). 

FLEXION-DISTRACTION EFFECTS 
ON THE LUMBAR SPINAL CANAL AND 
INTERVERTEBRAL FORAMEN CAPACITY 

Flexion Reduces Disc Protrusion 

Figures 9.3 and 9.4 show that on flattening or flexion of the 
lumbar spine, the disc anulus fibrosus protrusion reduces; on 
extension, the anulus fibrosus bulges into the vertebral canal to 
cause spinal stenosis (24, 25). 

At 6° to 8° degrees of flexion and extension the disc bulges 
anteriorly during flexion and posteriorly during extension, and 
toward the concavity of the spinal curve during lateral bending. 
Discs protrude into the concavity of a curve (35) (Fig. 9.5). When 
placed into a “LI” shape, rat tail discs herniate and degenerate 
into the concavity of the curve (19). 

Extension can cause posterior bulging of the lamellae in the 
posterior anulus (30). Avoid extension in distraction of back 
pain patients because of increased posterior disc protrusion. 

Flexion reduces the posterior concavity of the lumbar spine 
and allows reduction of disc protrusion while spreading open 
the facet joints to increase the spinal canal openings. Extension 
increases the posterior concavity and accentuates the disc 
bulge, whereas it induces facet imbrication subluxation. Bc- 
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Figure 9.3. Increased spinal canal volume and decreased nerve root 
(cauda equina) hulk with flexion. (Reprinted with permission from 
Finncson BE. Low Back Pain, 2 nd ed. Philadelphia: JB Lippincott, 
1980:432.) 
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Figure 9.4. Decreased spinal canal volume and increased nerve root 
hulk with extension. (Reprinted with permission from Finncson BE. Low 
Back Pain, 2nd ed. Philadelphia: JB Lippincott, 1980;432.) 


cause the goal of distraction adjusting is to reduce disc bulge 
and stenosis, avoid extension and use flexion in disc bulge or 
stenosis. 
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6° FLEXION 6° EXTENSION 



Figure 9.5. Disc protrusion with bending. Flexion as well as extension of the spine produces motion of 
the disc in the horizontal plane. In both cases of bending, bulging of the disc occurs on the concave side and 
contraction on the convex side. In a pathologic case, the expansion of the disc during physiologic bending 
may stretch or impinge the nerve root. (Based on the data of Brown T, Hanson R, Yorra A. Some me¬ 
chanical tests on the lumbosacral spine with particular ref erence to the intervcrtbral discs. J Bone Joint Surg 
Am 1957; 39A: 1 1 35.) 


Magnetic resonance imaging (MRI) studies of the cervical 
spine in flexion show reduced disc herniation, whereas exten¬ 
sion produced disc herniation (27). 

Ligamentum Flavum 

Flexion allows the ligamentum flavum to tauten and decrease 
its bulging into the vertebral canal, whereas extension causes it 
to bulge into the canal to create stenosis and further nerve root 
compression (24, 2 5) (Figs. 9.1 and 9.2). 

Vertebral Canal Diameter Changes 
with Flexion 

Flexion Increases the Spinal Canal Space 

Schonstrom ct al. (28) report that flexion increases the sagittal di¬ 
ameter oj the vertebral canal 16% or 2 mm over extension. Com¬ 
puted tomography (CT) scan study of human lumbar spine 
specimens demonstrated a 40 mm 2 decrease in the cross- 
sectional area of the vertebral canal when the spine was moved 
from flexion to extension. Extension caused stenosis of the ver¬ 
tebral canal, a negative influence to nerve root compression. 

Flexion Increases Spinal Capacity 

Liyang et al. (29) report that the lumbar spinal capacity in flexion- 
extension lateral myelogram motion studies of ten cadavers 
showed a larger capacity of the dural sac in flexion overexten¬ 
sion by 3. 5 to 6 mm. This increased spinal capacity is highly sig¬ 
nificant, and it suggests that maintaining the flexed lumbar spine 
enlarges the spinal canal capacity and mitigates symptoms. 

Flexion Reduces the "Pincer Effect" Narrowing of the 
Spinal Canal 

Penning and Wilmink (30) show w idening of the spinal canal 
with relief of pain in flexion w hereas its narrow ing in extension 
created a “pincer effect” of the canal. 


Cervical Spine Foraminal Size Changes 

Farmer and Wisneski (36) reported that cervical spine exten¬ 
sion significantly increased nerve root pressure and radicular 
symptoms, whereas results with neck flexion were variable. A 
decrease is seen in foraminal size in extension. In flexion, Yoo 
et al. (37) reported that foraminal size increased 8 and 10% at 
20° to 30°, respectively, and extension reduced the foramen 
diameter by 10 and 1 3% at 20° and 30° of extension. 

A 1 5% reduced foraminal and spinal canal dimension was 
seen in extension. Nerve root compression in the foramen was 
21 % in the neutral posture, 1 5% in flexion, and 3 3% in exten¬ 
sion (38). Extension loading of the lumbar spine produced the 
most cases of nerve root compression, w hereas lateral flexion 
produces the fewest cases (39). 

Flexion Improves Disc Metabolism 

The disc receives nutrients from two sources: the blood vessels 
in the vertebral bodies and the tissue fluid surrounding the an- 
ulus fibrosus. Fluid flow into the disc depends on changing 
pressures within the disc structure. High pressure occurs in 
compression and weightbearing, and it forces fluid out of the 
disc, whereas low pressure, as in lying down, allows fluid to be 
sucked up by the disc, primarily the nucleus pulposus. Flexion 
improves the transport of metabolites in the intervertebral 
disc, reduces the stresses on the apophyseal joints and on the 
posterior half of the anulus fibrosus, and gives the spine a high 
compressive strength (20). 

The erect upright posture allows diffusion more readily 
into the anterior anulus than the posterior anulus. The inner 
posterior anulus is the most critical area of the disc to be de¬ 
prived of nutrients; f lexion improves transport of metabo¬ 
lites into the inner posterior anulus (40). Improving the 
metabolic transport in the disc is of value as the glucose sup¬ 
ply to the disc is barely adequate (41). Deficient metabolite 
transport has been linked with degenerative changes in the 
disc (42, 43). 
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Intradiscal Pressure Changes on Distraction 

Ramos and Martin (21) report that the pressure in the nucleus 
pulposus of lumbar discs dropped to below — 1 00 mm Hg when 
axial distraction decompression was administered. Contrast this 
to the intradiscal pressures reported by Nachemson (40), which 
ranged from 25 mm lying prone to 275 mm sitting flexed. Ex¬ 
tension exercise of the lumbar spine created 1 80 mm of intradis¬ 
cal pressure, and hip flexion caused 1 50 mm of pressure (40). I 
correlate these findings clinically to maintaining low intradiscal 
pressure by lying prone and applying axial distraction to provide 
further lowering of intradiscal pressure, which creates cen¬ 
tripetal force within the nucleus to retract the bulging nuclear 
material from the anular area of the disc. Onel et al. (24), dis¬ 
cussed later, and Burton (22) (Fig. 9.6) describe the influence of 
negative intradiscal pressure in disc herniation reduction. 


of the disc. This increased anulus Hbrosus laxity and motion can 
be compared to a tire inner tube that has been partially de¬ 
flated—it has greater propensity to flatten and bulge out. 

Certainly, in patients in whom the nucleus is herniating 
through a radial tear in the anular fibers, the doctor is sensitive 
to movement of the nucleus pulposus when performing axial 
distraction, flexion, and extension. The patient with sciatica 
and nerve root compression caused by a herniated nucleus pul¬ 
posus through a contained or noncontained anulus hbrosus has 
an abnormal disc. This disc will in no way perform as a normal 
turgid and contained nucleus pulposus. 

Because of the degenerative changes of the nucleus pulposus 
that are inevitable with aging, any discussion of nucleus pulpo¬ 
sus movement on flexion, extension, lateral flexion, or rotation 
must compare normal versus degenerated nucleus pulposus. 


NUCLEUS PULPOSUS AND ANULUS 
FIBROSUS MOVEMENT DURING 
FLEXION AND EXTENSION 

Management of patients with low back pain is often based on 
theorized positional changes of the nucleus pulposus during 
spinal extension and flexion. I feel the anulus fibrosus is the pri¬ 
mary part of the disc that protrudes in disc degeneration, not 
the nucleus pulposus. Certainly, with nucleus pulposus degen¬ 
eration and dehydration and attending loss of intradiscal pres¬ 
sure, the nucleus pulposus allows greater tendency for the an¬ 
ulus fibrosus to splay out or protrude into the peripheral area 


Opinions Regarding Nucleus Pulposus Shift 
on Motion 

Nucleus pulposus movement is not affected by flexion. Exten¬ 
sion causes posterior nuclear shift. 

Vanharanta et al. (51) with CT or discography showed no 
notable change in the location of the nucleus with respect to the 
anulus on flexion and extension motion. Flexion did not in¬ 
crease nuclear shift posteriorly. Vanharanta et al. challenge the 
suggestion that the disc nucleus moves anteriorly in extension 
and posteriorly in flexion. 

Gill et al. (52) reported on 105 cadaver discography studies 
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Figure 9.6. Computed tomography scanning shows that the application of axial traction on the vertebrae, 
anulus Hbrosus, and longitudinal ligaments causes the protruding disc to diminish in volume but rarely to re¬ 
turn to its normal state. The clinical problem relates to distention of anular and liagamentous dorsal ramus 
nerve fibers and spinal nerve compression. It is believed, on the basis of biomechanical calculation, that sig¬ 
nificant intradiscal negative pressures may be produced. The intermittent reduction appears to allow repara¬ 
tive processes to re-establish support. (Reprinted with permission from Burton CV. Gravity lumbar Reduc¬ 
tion. In: Kirkalcly-Willis WH, cd. Managing Low Back Pain. New York: Churchill Livingstone, 1985:550.) 
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and showed the major effect of repeated extension moments on 
cadaveric lumbar spine motion segments appeared to lie in 
forcing dye from the nucleus pulposus into the spinal epidural 
space in many abnormal discs. This would not he a desirable ef¬ 
fect in manipulation, and it is good reason to avoid extension in 
acute hack pain disc protrusion patients. 

Roaf (44) reported that the nucleus pulposus does not 
change shape or position during flexion or extension. 

From these three studies two facts evolved: 

1. The nucleus pulposus does not move anterior in flexion or 
extension. 

2. The nucleus pulposus moves posterior in extension motion 
of the lumbar spine. 

Movement of Normal and Abnormal 
Nucleus Pulposus 

Seroussi et al. (33) placed metal heads throughout the disc, fol¬ 
lowed by flexion and extension compression studies of the disc. 
This showed that on extension the heads in the center of the disc 
moved in an anterior-superior direction, whereas the heads 
closer to the periphery of the disc moved posteriorly. On flexion, 
the beads in the center of the disc moved posteriorly, whereas the 
beads closer to the periphery of the disc moved anteriorly. 

Beattie et al. (45) studied 20 healthy young women with 
lumbar spine MRI while they were supine with their hips and 
knees flexed (flexed position) and supine with a lumbar roll un¬ 
der the low back (extended position). The distance of the pos¬ 
terior margin of the nucleus pulposus to the posterior margins 
of the adjacent vertebral bodies was greater in the extended po¬ 
sition compared with the flexed position in healthy discs. No dif¬ 
ference was seen in the anterior distance. Of the 20 subjects 8 
had at least one degenerative disc in the lower lumbar spine. 
The degenerative disc nucleus pulposus did not move the same 
as normal discs. Degenerative discs deform differently from 
nondegenerativc discs. 

Schnebel et al. (46, 47) used discography to study position 
change in vivo of the nucleus pulposus during flexion and ex¬ 
tension. Results suggested that, in normal discs, the nuclear 
material moves anteriorly with extension and posteriorly with 
flexion. Schnebel et al. also used a digitizing technique to mea¬ 
sure the position change of the nucleus pulposus from 
discograms obtained from subjects with low back pain. These 
subjects were studied in a flexed position (knees to chest) fol¬ 
lowed by an extended position (press-up extension). A signifi¬ 
cant difference was reported in the posterior distance of L3—4, 
L4-5, and L5—SI between flexion and extension for normal 
nucleus pulposus. 

Beattie et al.’s (45) study results suggest that the nucleus 
pulposus deforms and may possibly move within the interver¬ 
tebral disc (IVD). Dietrich et al. (48) reported lateral shift of 
nuclear material when small loads, similar to those of daily life, 
were applied to the spine. They reported that traction reduced 
herniation 40%. 

Fennell et al. (49) studied nuclear movement on flexion and 


extension of one normal and two patients with low hack pain 
histories. In the normal patient, flexion tended to be accompa¬ 
nied by posteriorly directed migration of the nucleus pulposus. 
Extension tended to he accompanied by an anteriorly directed 
migration. Only L4-L5 levels were studied as it was technically 
impossible to study L5—SI. The two patients with low hack pain 
histories showed that the anterior margin of the disc moved an¬ 
teriorly during flexion; therefore, the authors state that the nu¬ 
cleus spread during flexioninstead of migrating posteriorly. The 
final assessment of this paper shows what others have found— 
in abnormal discs the nuclear movement on flexion and exten¬ 
sion is unpredictable. In two of three of these test subjects with 
low hack pain histories, the nucleus did not move anteriorly on 
extension, but it did move anteriorly on flexion (49). 

Abnormal Discs Show Little Difference in 
Position 

Nuclear Motion Is Posterior in Extension in 
Abnormal Discs 

In those subjects with an abnormal disc (a decreased nucleus 
pulposus signal on MRI with an irregular outline of the transi¬ 
tion between the nucleus pulposus and anulus fibrosus on T2- 
weighted images), little difference was found in the shape and 
location of the nucleus pulposus between positions. Similar ob¬ 
servations were reported by Schnebel et al. (47,48) and Urban 
and McMullin (50). 

In four of the eight subjects with degenerative discs, the nu¬ 
cleus pulposus of the involved segment was observed to “bulge” 
posteriorly in the extended position (45). 

The concept that a motion segment with a degenerative nu¬ 
cleus pulposus may not move in the same manner as a one with 
a normal nucleus pulposus may be important clinically. We 
treat patients who have low hack or leg pain, and their pain in¬ 
dicates probable abnormal disc morphology. Because move¬ 
ment of the nucleus pulposus appears to differ between normal 
and abnormal IVDs, Beattie et al. (45) question whether nu¬ 
clear movement can he used to justify the McKenzie approach 
when treating individuals with degenerative disc disease. In ad¬ 
dition to degenerative disc disease, other disorders such as her¬ 
niated discs, bony abnormalities, and neuromuscular impair¬ 
ment can influence the displacement of the nucleus pulposus as 
a function of position. 

Summary 

Beattie et al. (45) state that an abnormal nucleus pulposus in 
the motion segments of L3—L4 to L5—SI may not move in the 
same manner as a normal nucleus pulposus. 

I feel that with degeneration, the nucleus pulposus ceases to 
he the primary factor in hack mechanics. The anulus fibrosus 
protrudes in all directions, hut its posterior protrusion is espe¬ 
cially harmful because of the cauda equina, nerve roots, and 
dorsal root ganglion lying in close proximity, which are subject 
to compression or chemical inflammation. Kokubun et al. (5 1) 
found that herniated disc f ragments at surgery contain particles 
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of cartilaginous end plate with nucleus pulposus and anulus fi- 
brosus. Harada and Nakahara (52) found that fragments of car¬ 
tilaginous end plate more often contained anulus fibrosus than 
nucleus pulposus. Tanaka et al. (53) stressed that the inner 
Libers of the anulus fibrosus pull the cartilaginous end plate 
causing it to herniate with its fragment. 

DISC STRESSES UNDER FLEXION 
AND EXTENSION 

High Nucleus Pulposus Intradiscal Pressure 
Effect on Disc Bulging 

Compression loading of lumbar motion segments in backward 
bending (extension) can cause an anterior disc prolapse if sud¬ 
den force is applied, and a cyclic compressive force can increase 
the posterior bulging of the anular lamellae (34). Adams et al. 
(34) further equate standing posture as extension, and state 
that any action increasing the standing lordosis causes the limit 
of extension to he approached. Extension causes posterior an¬ 
ular bulging by the combined increased intradiscal pressure in 
the nucleus pulposus (54) and the compression load on the pos¬ 
terior anulus (55). The compression causes the lamellae of the 
anulus to buckle, whereas the increased intradiscal pressure 
causes the lamellae to radiate outward. Brinckmann and Horst 
(56) emphasize that extension places a high compressive force 
on the posterior lamellae, and also stresses the disc to cause 
herniation because high intradiscal pressure alone cannot cause 
the disc to bulge. In fact, increasing nuclear pressure by fluid 
injection reduces rather than increases disc bulging. 

Disc Strength in Flexion 

Bogduk (57) states that, during flexion, the lumbar spine ap¬ 
pears to he well protected against injury by the posterior liga¬ 
ments, intervertebral discs, and hack muscles. A normal 
healthy IVD is designed to sustain heavy loads in flexion, and it 
is not susceptible to rupture. Normal discs suffer acute hernia¬ 
tions only with severe hyperflexion injuries involving forces 
and ranges of motion well outside those within a normal activ¬ 
ities of daily living. 

Adams (58) advocates heavy lifting he done in the flexed po¬ 
sition rather than in the lordotic lumbar spine posture. He 
states the lordotic posture exposes the posterior structure of 
the spine to excessively high stress levels. A bent posture for 
lifting does not greatly raise intradiscal pressure, and, at high 
load levels, the anterior anulus appears to “stress shield” the nu¬ 
cleus from damage. Adams feels workers can lift safely in pos¬ 
tures that are within the normal range of flexion. 

Adams shows that the lordotic extended posture exposes 
the posterior area of the spine to excessively high stress levels, 
and that flexed postures transmit stress through the anterior an¬ 
ulus and low stress through the posterior anulus. The anterior 
anulus is the thickest and stiffest part of the anulus—usually the 
last part of the disc to degenerate (20). 


Any disadvantage to flattened posture based on increased in¬ 
tradiscal pressure can be minimized by realizing that this pres¬ 
sure increase is only noted at low loads of compression where 
little likelihood exists of mechanical damage because the forces 
are less than those required to cause disc failure. Flexed pos¬ 
tures increase the compressive strength of the lumbar spine 
(20). People who squat or sit with their spines in a flexed pos¬ 
ture have less disc disease and degeneration, making it unlikely 
that the flexed sitting posture could he damaging to the disc 
(59). 

Lordosis or extension, coupled with the compressive forces 
of loading the lumbar spine, produces high stresses on the 
apophyseal facet joints. 

Bartelink (60) fi nds that the increased intra-abdominal pres¬ 
sure with flexion protects the lumbar spine against high com¬ 
pressive loads. Another advantage of flattening the lumbar lor¬ 
dosis during distraction is that the increased intra-abdominal 
pressure protects the spine from compressive loading forces. 

Lumbar Lordosis in Chronic Low Back Pain Patients 

Christie et al. (61) reported that, in standing, patients with low 
hack pain show increased lumbar lordosis compared with con¬ 
trols. If extension or lordosis were the perfect neutral posture, 
pain would be relieved by it. 

Schnebel et al. (47) point out that extension reduced the 
compressive force and tension on the nerve root, whereas flex¬ 
ion increased the tension. Brieg’s work was cited as showing 
this phenomenon. I feel that extension is of benefit after a disc 
protrusion is reduced. In using distraction adjusting, a balance 
must he reached between adding nerve root compression with 
flexion (thus the need to limit flexion motion in disc herniation 
cases) and causing increased disc protrusion by extending the 
lumbar spine. Tolerance testing of the patient prior to distrac¬ 
tion adjusting is mandatory to prevent iatrogenesis in the sciat¬ 
ica patient. 

It is important to study these concepts of lifting and in¬ 
tradiscal pressure changes within the disc because we do place 
the lumbar spine into a flattened and often a flexed posture in 
axial distraction of spines with herniated discs as well as in those 
with spinal stenosis caused by degenerative disc disease, de¬ 
generative spondylolisthesis, true spondylolisthesis, facet syn¬ 
drome, and scoliosis. The research cited above assures us that, 
along with tolerance testing performed prior to distraction ad¬ 
justment of the lumbar spine, we are within safe parameters of 
spine tolerance. 

BIOMECHANICS OF 
FLEXION-DISTRACTION ADJUSTMENT 

Principles of Axial 
Flexion-Distraction Adjustments 

Onel et al. (24) reported that 78.5% of medial, 66.6% of pos¬ 
terolateral, and 57% of lateral herniated discs retracted under 
45 kg of distraction in 28 of 30 patients studied. 
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Figure 9.7 shows the patient lying in the CT scanner with 
pelvic traction applied to the lumbar spine, which is in a flat 
lumbar curve. A CT scan is made of the patient’s spine before 
and during distraction. Results of these tests were reported on 
10 patients. 


Figure 9.8 shows 1 of the 10 patients in Onel et al.’s study 
prior to distraction being administered. Note the left lateral disc 
herniation creating stenosis within the lateral recess and osse- 
oligamentous canal. Also note that the facet joints are imbricated 
causing narrowing of the nerve canals bilaterally {see curved arrow ). 



Figure 9.7. Shown here is positioning of the patient in the gantry of the computed tomography (CT) scan¬ 
ner during the CT investigation before and during distraction administration. The pelvic belt is attached to a 
traction device with flexion of the hips and knees to ensure lumbar lordosis flattening during distraction. 
(Reprinted with permission from Onel D, Tuzlaci M, Sari H, etal. Computed tomographic investigation of the 
eff ect of traction on lumbar disc herniation. Spine 1 989; 14( 1):82—90. Copyright 1989, Lippincott-Ravcn.) 



Figure 9.8. Here is the computed tomography scan prior to distraction, showing the medial disc pro¬ 
lapse and left lateral prolapsus at LT-L5 accompanied by invasion of the neural foramen by herniated nu¬ 
clear material {MNP). This author would also note the sagittal narrowing of the osscoligamcntous canals by 
facet imbrication subluxation, which contributes to lateral recess and foraminal stenosis. (Reprinted with 
permission from Onel D, Tuzlaci M, Sari H, et al. Computed tomographic investigation of the ef fect of 
traction on lumbar disc herniation. Spine 1989; 1 4( 1):82—90. Copyright 1989, Lippincott-Raven.) 
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Figure 9.9. Here is the computed tomography scan during distraction using 45 kg of force. Regression 
ol the herniated nuclear material (IIMP) from the discal space and withdrawal from the neural foramina is 
seen. 1 would add that the osseoligamentous canals show increased sagittal diameter during distraction, thus 
1 urther reduction ol canal stenosis. (Reprinted with permission from Onel D, Tuzlaci M, Sari H, et al. 
Computed tomographic investigation of the effect of traction on lumbar disc herniation. Spine 1989; 14(1): 
82—90. Copyright 1989, Lippincott-Raven.) 


Figure 9.9 is the CT scan of the same patient in Figure 9.8 
during application of 45 kg of distraction force. Note the re¬ 
duction of the disc herniation and opening of the lateral re¬ 
cesses as the facet joints are distracted in an axial plane (curved 
arrow). Also note the ligamentum Havum is tautened to afford 
a greater sagittal diameter of the spinal canal (straight arrow). 

Onel et al. (24) state the following about distraction of the 
lumbar discs: 

1 . Static lumbar traction opens the disc and apophyseal joint 
spaces, reduces the herniated nucleus pulposus, and opens 
the anatomic structures of the lumbar spine. 

2. The widened disc space causes intradiscal pressure to drop 
and probably creates a negative intradiscal pressure that 
draws the herniated disc material back into place. 

3. The anterior and posterior ligaments are stretched under dis¬ 
traction. The posterior longitudinal ligament is stretched, and 
it may “push back” the herniated disc toward the disc space. 
Therefore, the herniated nucleus pulposus is reduced by the 
combination of the lowered intradiscal pressure drawing the 
nucleus pulposus back into the disc space and retraction of the 
posterior longitudinal ligament pushing the disc back. 

4. The interspinous spaces arc seen to increase during distrac¬ 
tion with the ligamentum flavum becoming thinner. It is felt 


that facet joints separate and the posterior longitudinal liga¬ 
ment stretches. 

Onel’s work stimulates clinical coniidence as I apply dis¬ 
traction adjustments to my patients. The knowledge that the 
spinal vertebral and osseoligamentous canals are opened to re¬ 
lieve stenosis and nerve root compression is a positive concept 
for chiropractic adjustment. 

Other Findings on Disc and 
Stenosis Reduction 

Komori et al. (62) recently showed reduction of an ex- 
traforaminal disc herniation following conservative care (Fig. 
9.10). They feel migrating fragments of disc have the great¬ 
est tendency to disappear, whereas protruded discs show lit¬ 
tle change on follow-up MRI. This case is shown as an exam¬ 
ple that disc herniation can and does reduce under 
conservative care, which includes procedures described in 
this text. 

A colleague sent me a report of a patient with an L5— SI 
large left paracentral disc herniation. The patient had left first 
sacral dermatome pain with an absent ankle reflex and plan¬ 
tar weakness of the foot at the ankle. The patient had been 
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told to have surgery by both a chiropractor and the surgeon 
to whom the chiropractor had referred him; he was told 
surgery was the only option. Distraction adjusting, however, 
totally relieved the patient of both objective and subjective 
symptoms and signs. This case draws attention to facts about 
disc herniations and their clinical presentation, which arc dis¬ 
cussed below. 

Benefits of Distraction Manipulation 

Autotraction, a treatment for low back syndrome of benign 
cause, uses a specially designed traction table divided into two 
movable sections. While lying on the table, the pelvis is se¬ 
cured and the patient controls the traction forces by grasping 


and pulling the bars at the head of the table. Figure 9.1 1 shows 
how the traction forces are applied. 

In comparing autotraction with conventional passive trac¬ 
tion, auto traction showed a 75% favorable response (50 of 40 
patients) versus 22% (6 of 27 patients) for passive traction. Af¬ 
ter 5 months, 19 of the 50 responders to auto traction (6 5%) 
reported continued improvement. In these patients, pain rat¬ 
ings remained stable and the disability scores decreased to 0 to 
2 5% of the pretreatment level. 

Response to autotraction did not seem to be caused by a 
placebo effect. In some cases, normalization of objective neuro¬ 
logic signs did accompany pain relief. The success rate of passive 
traction (22%) was much below the 55 to 5 5% rate of success 
that has been attributed to placebo treatments for pain (65). 



Figure 9.10. T1-weighted axial views of a 54-ycar-old woman’s L4-L5 disc. A. March 29, 1995. B. 
August 50, 1995. The patient was suffering from severe anterior lower leg pain. Extraforaminal disc her¬ 
niation (black arrows) was observed at L4—L5 disc in the initial magnetic resonance imaging (MRI) exami¬ 
nation (A). Conservative measures including L4 radicular block resulted in failure, and operative treat¬ 
ment was planned. Remarkable improvement of her symptoms occurred af ter I.4-L5 discography; thus, 
operative treatment was canceled and conservative treatment was continued. In the follow-up MRI (B), 
the herniated mass showed marked decrease in size, and the left 1.4 dorsal root ganglion (DRG) was easily 
recognizable. (Reprinted with permission from Komori H. The natural history of herinated nucleus pul- 
posus with radiculopathy. Spine 1996;21 (2):225.) 


AUTOTRACTION VS PASSIVE LUMBAR TRACTION, Tesio 



Figure 9.11. Autotraction treatment for low hack pain. Patient pulls with the upper limbs while lying 
on a specially designed traction table. The treatment starts with the patient in the least painful position (A) 
and the goal is to reach, painlessly, the former painful position(s) (B). (Reprinted with permission of Tesio 
L, Mcrlo A. Autotraction versus passive traction: an open controlled study in lumbar disc herniation. Arch 
Phys Med Rehabil 1995;(Aug.):871—876. Copyright 1995, WB Saunders.) 
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Intermittent Distraction 

Intermittent traction appears to be associated with less post¬ 
traction discomfort (1 5%) than does static traction ( 30%), and 
it likely produces intervertebral joint distraction equivalent to 
that of static traction (64). 

Centralization Phenomenon 

The centralization phenomenon is when the most distal symp¬ 
tom is relocated to a more proximal (i.c., more central) loca¬ 
tion (65). In clinical practice, Cox flexion-distraction practi¬ 
tioners scrutinize this phenomenon as care progresses. It 
signifies lessening of nerve root irritation by mechanical or 
chemical factors, and it is a sign of healing and improvement. 
The opposite effect, or lateralization and extension of pain into 
the extremity, or worsening of the extremity pain compared 
with the spine pain, is a morbid sign of increasing nerve root ir¬ 
ritation by chemical or mechanical cause. 

NO CORRELATION BETWEEN SIZE AND 
SYMPTOMS OF DISC HERNIATION 

Modicetal. (66) find no correlation of pain and disability with 
disc size, behavior, or type. Matsubara et al. (67), reporting on 
32 conservatively treated herniated lumbar disc patients, found 
repeated MRI studies done acute, 6, and 12 months later to 
show the f ollowing reductions of the cross-sectional area of the 
spinal canal and size of the herniation: The original MRI 
showed the spinal canal occupied by the herniated disc to be 
32%, 29% 6 months later, and 25% 1 year later. The size of the 
disc herniation was decreased 20% in 34% of patients, 10 to 
20% in 28% of the patients, and unchanged in 38% of patients 
at 1 year. Symptoms and signs did not correlate with the degree of re¬ 
duction of the disc herniation. 

Imaging Does Not Determine Treatment 

Gonski (68) reports that imaging does not decide treatment. 
Clinical findings, not MRI evidence of disc herniation deter¬ 
mine whether surgery is indicated. 

Boos ct al. (69) found 76% of asymptomatic patients 
showed a disc herniation in the lumbar spine on MRI examina¬ 
tion, whereas 96% of patients with low back and/or sciatic pain 
showed MRI evidence of a disc herniation. The significant fact 
about disc herniation is whether it chemically or mechanically 
irritates the nerve root or dorsal root ganglion. If it does, sci¬ 
atica is possible; if it does not, sciatica is not present. 

Disc and Stenosis Reduction on Distraction 

Decompression of the foraminal space was statistically signifi¬ 
cant after 5 to 10 mm of distraction (70). ^ucllcttc (71) states 
that distraction at one half to two thirds of body weight reduces 
herniated discs. He states distraction allows the vertebrae to 
separate, thus creating a negative pressure in the intervertebral 
joint. The nucleus, which is infiltrated in the fissure, is drawn 
by suction into its proper place. Stephens and O’Brien (72) re¬ 


ported a 20% increase in the cross-sectional area of the lumbar 
intervertebral foramina with distraction. A wad (73) reported 
that distraction widened the LI L2 posterior intervertebral 
disc space 1.1 mm, L2—L3 2.0 mm, L3—L4 2.8 mm, L4—L5 2.3 
mm, and L5—S1 0.8 mm. Gillstrom et al. (74) found good clin¬ 
ical results af ter autotraction in 2 5 patients with lumbar and sci¬ 
atic pain. 

Teplick and Haskin (75) encouraged the study of results of 
disc herniation reduction without surgery af ter seeing 1 1 pa¬ 
tients with confirmed herniated lumbar discs get well without 
surgery. 

Weisel et al. (76) reported that, in a blinded study, three 
neuroradiologists found 36% of 52 asymptomatic patients had 
disc disease, including herniation, on CT scan. The question is 
raised: How much disc protrusion is needed to create symp¬ 
toms, or more importantly, how much reduction of the disc pro¬ 
trusion is needed to relieve leg pain symptoms even though the disc pro¬ 
trusion remains (74—76). 

Cox and Aspcgrcn (77) reported a case of intervertebral disc 
herniation that was reduced by 14% (a measurement intro¬ 
duced in the paper to determine discal reduction) with com¬ 
plete relief of the low back and sciatic pain. 

Disc Herniation Treatment 

Kessler (78) defines the treatment of acute stage disc herniation 
to be low intradiscal pressure and specific segmental distrac¬ 
tion. Burton (22) reported 74% success using chest harness 
gravity traction for disc herniation patients. Burton found that 
rarely is the disc completely returned to its normal interverte¬ 
bral location, but it is reduced sufficiently to decompress the 
nerve root and allow healing of the anular tear (Fig. 9.6). 

Possible Mechanism of Distraction Benefits 

Cyriax (79) states that as the vertebrae in the spine are dis¬ 
tracted, a negative pressure develops in the disc and sucks back 
a protrusion. Cailliett (80) ascribes the effects of distraction to 
flattening of the lumbar lordosis. Wyke (81) suggests that the 
stretch imposed by traction influences the mcchanorcccptors of 
the disc, ligaments, and apophyseal joints. 

Increased Disc Space Is the Goal of Distraction 

DeSeze and Levernieux (82) reported a distraction of 1.5 mm. 
per disc space after lumbar traction, and Mathews and Yates 
(83) reported a vertebral distraction of 2 mm per disc space af¬ 
ter traction. 

A paper translated from Chinese, “Treatment of Lumbar 
Disc Protrusion by Automatic Chiropractic Traction Instru¬ 
ment,” reports 73% of 400 lumbar disc protrusion cases were 
completely cured of pain. 

Ncugebauer (84) reported 99% relief in treating 30,000 pa¬ 
tients with disc protrusion over a 14-year period. He felt that 
distraction allowed the disc to be reduced, the intervertebral 
foramen to be increased in size to allow the nerve root to es¬ 
cape compression, and the posterior longitudinal ligament 
stretched to bring the disc back to its normal position. 
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Tien-You (85) states that manipulation is the key to the 
treatment of patients with protruding disc, and that a specific 
feature of the nucleus pulposus is the strong elasticity of the 
disc. This elasticity is used during manipulative reduction to 
change the shape of the space between the affected vertebrae 
and to produce a retractile force by which the prolapsed nu¬ 
cleus is pulled back to its original position. 

Kramer (86) discusses the most important factor in traction, 
the reduction of intradiscal pressure, which facilitates normal¬ 
ization of dislocated disc fragments. Postimaging studies may 
show no change in the disc protrusion, but apparently only a 
few millimeters of pressure decrease can change the displaced 
disc fragment and the pain receptors. 

Canal Size Difference Determines Pain 

A 2-mm difference in canal size is all that is needed to deter¬ 
mine whether a person will have back pain. Such narrowing of 
the vertebral canal can be caused by stenosis from disc protru¬ 
sion, facet hypertrophy, ligamentum flavum hypertrophy, or a 
combination of such forces (87). Yefu ct al. (88) documented 
1455 cases of lumbar disc protrusion that were reduced by trac¬ 
tion and manipulative reduction. 

Double Crush Syndrome Treated with 
Distraction Adjustment 

A 63-year-old man suffered from right anterior leg numbness 
and recurrent lower back pain for 36 months. A clinical diag¬ 
nosis of double crush syndrome was made after appropriate 
testing. The patient was diagnosed with nerve root compres¬ 
sion at the right L4 and L5 levels and infrapatellar saphenous 
nerve compression at the deep fascia just below the tibial 
tuberosity. 

Lumbar flexion-distraction protocol was employed for a 6- 
week treatment plan with two visits per week. Follow-up at 6, 
8, 12, 26, and 52 weeks revealed complete resolution of the 
right anterior leg numbness and reduced occurrence of low 
back pain (89). 

TREATMENT OF PELVIC 
DYSFUNCTION WITH FLEXION- 
DISTRACTION MANIPULATION 

Mechanically induced pelvic pain and organic dysfunction syn¬ 
drome is characterized by various disturbances in pelvic organ 
function, and it has been successfully managed by chiropractic 
manipulative procedures. Treatment protocols outlining the 
application of distractive decompressive manipulation of the 
lumbar spine in the management of these cases have been de¬ 
veloped. Their incorporation requires the identification of pa¬ 
tients who present with symptoms of bladder, bowel, gyneco¬ 
logic, and sexual dysfunction secondary to the impairment of 
lower sacral nerve root function as a result of a mechanical dis¬ 
order of the low back. It is not within the sphere of this paper 
to cover this important topic (90). 

Chronic pelvic pain is noncyclic pain in the pelvis that has 


persisted for 3 months or longer. Palmer College Center for 
Chiropractic Research reported on 19 female patients with 
chronic pelvic pain treated with flexion-distraction manipula¬ 
tion (personal communication). This report showed positive 
short-term effects on symptomatology, disability, and chronic 
pelvic pain with 50% reduced analgesic use, decreased pain in¬ 
tensity or complete remission of pain, feelings of a “better 
mood,” decreased menstrual cramping, and pain-free coitus. 

MECHANORECEPTOR ACTIVATION 
WITH AXIAL DISTRACTION ADJUSTING 

An exciting aspect of chiropractic adjusting is the firing of nor¬ 
mal spinal reflexes from muscles, synovial capsules, disc, and 
ligaments to the spinal cord and dorsal root ganglion that oc¬ 
curs with the adjustment. These impulses arc found to create 
normoexcitatory reflexes that inhibit hypercxcitatory impulses 
that generate pain. A discussion of the literature on this con¬ 
cept follows. 

Mechanoreceptors of the Joint Capsule 

All the synovial joints of the body (including the apophyseal 
joints of the vertebral column) have four types of receptor 
nerve endings. 

Type I mechanoreceptors consist of clusters of thinly en¬ 
capsulated globular corpuscles embedded in the outer layers of 
the fibrous joint capsule. They have a low threshold and re¬ 
spond to small increments of tension; some in each joint arc of 
such low threshold that they fire continuously even when the 
joints are immobile. Type I receptors, therefore, function as 
static and dynamic articular mechanoreceptors. 

Type II mechanoreceptors are embedded in the deep lay¬ 
ers of the fibrous joint capsule, abutting the subsynovial tissue. 
They are activated by joint motion and behave exclusively as 
dynamic (or acceleration) mechanoreceptors. 

Type III mechanoreceptors arc larger, thinly encapsulated 
corpuscles on the surfaces of joint ligaments, but they arc ab¬ 
sent from the ligaments of the vertebral column. They respond 
only to high tension in joint ligaments, which is usually by pow¬ 
erful joint manipulation or the application of high traction 
forces. 

Type IV mechanoreceptors lie in the fibrous capsule of 
joints, evoking pain when irritated. Mechanical or chemical ir¬ 
ritants provoke this unmyelinated system. They are not present 
in synovial tissue, intra-articular menisci, and articular carti- 
lage (91). 

The facet capsule but not the ligamentum flavum is substan¬ 
tially innervated by sensory and autonomic nerve fibers, and it 
has a structural basis for pain perception (92). 

Joint Nerve Supply and Its Irritative Factors 

Joints are supplied by articular nerves containing myelinated 
and unmyelinated sensory afferent fibers and unmyelinated ef¬ 
ferent sympathetic postganglionic fibers. Joint effusion and 
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edema stress afferent receptive libers along with chemical in- 
llammation, which releases a number of pain mediators 
(prostaglandins, thromboxanes, leukotrienes, kinins, and oth¬ 
ers). Articular pressure increases more in diseased joints than 
in normal joints with the same volume of fluid present in each. 

Substance P affects articular vasculature and the cells in¬ 
volved in the inflammatory response. Injections of substance P 
into the synovial cavity of rat knee joints were shown to evoke 
plasma extravasation. Substance P can increase the production 
of prostaglandins (93). 


Type II Mechanoreceptors Most Common in 
Facet Capsule 

Chiropractic Adjustment Effects 

McLain (94) found predominantly type II mechanoreceptors in 
the cervical facet capsules, proving that these tissues are mon¬ 
itored by the central nervous system and implying that neural 
input from the facets is important to proprioception and pain 
sensation in the cervical spine. Previous studies have suggested 
that protective muscular reflexes modulated by these types of 
mechanoreceptors are important in preventing joint instability 
and degeneration. 

Avramov ct al. (95) hypothesized that capsular stretching of 
the facet joint may activate mechanoreceptors and nociceptors 
to, in turn, activate low and high threshold sensory fibers. This 
may initiate the facet joint syndrome as we term the facet sub¬ 
luxation and its neurologic bed when irritated. 


SPINAL ADJUSTMENTS NORMALIZE 
AFFERENT PATHWAYS AND STOP PAIN 

Patterson and Steinmetz (96) found long-lasting changes oc¬ 
curred in spinal reflex pathway excitability with short periods 
(1 5 to 30 minutes) of intense afferent input to the spinal reflex 
(spinal fixation) and this fixation can cause several hours of 
neural excitability. Patterson states that manipulative therapy, 
which tends to restore free motion to the spinal joints, reduces 
muscle spasm and decreases abnormal and overactive afferent 
input, which should allow the affected reflex paths to regain 
more appropriate excitability levels. Theref ore, spinal reflexes 
should be considered as actively participating in the signs and 
symptoms treated with manipulative therapy and their role 
should be recognized in the treatment. Adjustments seem to be 
an effective way to decrease the hyper excitable central state 
that leads to further alterations in spinal function (97). 

Arthritic joints contain six times more nociceptors for pain 
reception than normal joints, and they can be stimulated by 
stress, prior irritants, or exertion. If this stimulation continues 
for 20 minutes, spina / fixation or permanent painful reflex can 
result. This is a learned reflex of pain (97). 

Pickar and McLain (98) found that manipulation of adult cat 
lumbar facet articulations stimulated afferent nerve pathways 
with receptive endings located in or near to the tissues of the facet 
and endings located in lumbar paraspinal muscles distant from 


the facet joint capsule. Distraction of the facet activates these sen¬ 
sory receptors more than compression. Stimulation or modula¬ 
tion of this system may explain the beneficial eff ects many pa¬ 
tients receive through spinal manipulation and other therapies. 
Research is needed to determine the precise role played by acti¬ 
vation of these receptors. As we discuss axial distraction adjust¬ 
ments, both manual and motion assisted, facet and disc receptor 
activation is a principle in the pain relief attained. 

Zusman (99) states that passive joint movement relieves 
chronic articular soft tissue pain by breaking up reflex neuro¬ 
logic pain created by adhesion, loss of joint space, and muscle 
spasm. Passive joint movement creates normal neurologic re¬ 
flexes that break up the abnormal hypcrcxcitatory ones. Zus¬ 
man et al. (100) also find that passive joint movement relieves 
spinal pain by arousing to clinically effective levels a pain con¬ 
trol system encoded by opioid peptides to statistically signifi¬ 
cant treatment levels. 


Dorsal Root Ganglion Sensitivity 

Figure 9.12 describes the anatomic location of the dorsal root 
ganglion schematically and on MRI (94, 101). Note the loca¬ 
tion of the DRG below the pedicle of the vertebra, lying within 
the osseoligamentous canal. The dimension of the DRG grad¬ 
ually increases from LI to SI with the SI DRG the largest and 
located most intraspinally. It is felt that SI radiculopathy may 
involve the nerve root and DRG as a result of disc herniation 
or degenerative changes of the L5—S1 facet. The increased in¬ 
cidence of disc degeneration and intervertebral narrowing in 
the lower lumbar region, coupled with the larger DRGs in the 
lower lumbar spine, may explain the susceptibility to com¬ 
pression (101). 

The size and location of the lumbar and SI DRGs are as fol- 


lows: 



Level 

Size 


LI 

3.7 mm 

X 4. 3 mm 

L2 

4.6 mm 

X 5.7 mm 

L3 

5.7 mm 

X 7.1 mm 

L4 

6.2 mm 

X 8.4 mm 

L5 

5.9 mm 

X 9.4 mm 

SI 

6.2 mm 

X 11.2 mm 


Location 

92% in the lumbar inter¬ 
vertebral foramen 
98% in the lumbar inter¬ 
vertebral foramen 
100% in the lumbar inter¬ 
vertebral foramen 
100% in the lumbar inter¬ 
vertebral foramen 
95% in the lumbar inter¬ 
vertebral foramen 
79% in the intraspinal region 


Nerve roots occupy 2 3 to 30% of the area of the interverte¬ 
bral foramen. It is suggested that the DRG has less space as de¬ 
generation of the spine occurs in older people (101). It seems 
obvious that the lower lumbar spine is vulnerable to stenosis 
and compression of nerve root and DRG as degenerative 
changes occur in the spine. 

The dorsal root ganglion is a source of afferent impulses that 
contribute a tonic, low level spontaneous background dis- 
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charge capable of firing with low level irritation. The straight 
leg raise pain may he the result of such irritation. Slight DRG 
pressure increases impulse firing. In anesthetized animals, the 
DRG is found to fire impulses with no central or peripheral 
axon stimulation, suggesting a pain-producing generator 
(1 02). At 1 00 mg of VonFrey hair force, a minor compression 
force, the DRG produces repetitive firing of impulses. Greater 
pressure produces more than 5 minutes of repetitive firing, but 
repeated compression damaged tissue resulting in inactivity af¬ 
ter 5 or 10 such irritations. Tapping the DRG results in several 
minutes of firing of impulses (10 3). 

Low Level Irritation of the DRG Activates 
A and C Fibers 

Activation of A and C fibers within the DRG occurs at low lev¬ 
els of irritation, and this response can last for a short duration, 
and it can become fixated if time f rames of 20 to 30 minutes of 
irritation arc applied. Hypertension and tachycardia have been 
seen in C fiber activation (1 04). 

Radicular pain results from irritation of the DRG by an in¬ 
tervertebral disc herniation (105). The lumbar DRG can be 
trapped easily between a herniated disc and the facet. Small and 


repeated movements of the joint traumatize the DRG, result¬ 
ing in impulse propagation of pain. Autopsy shows the DRG is 
compressed and distorted by disc herniation (105). 

DRGs Compressed by Superior Facet 

Kikuchi ct al. (106) found the DRG indented by the superior 
facet at the intervertebral foramen in 71 % of anatomic and ra¬ 
diographic studies. 

Macnab (1 07) showed that repeated irritation of the nerve 
makes it sensitive to pain production. In comparing the nerve 
with skin, he found normal skin is not painful if touched, but 
sunburned skin is painful. A nerve is analogous to this. If a nor¬ 
mal nerve is pressed on it is not painful, but if it has been irri¬ 
tated by cither chemical or mechanical stimulus, it is produces 
pain with little irritation. Rydevik et al. (108) showed that 
compression of a normal nerve can be associated with numb¬ 
ness and motor weakness, but it does not usually cause pain. 
However, if the nerve tissue is chronically irritated, mechani¬ 
cal deformation may induce radiating pain. This intrancural in¬ 
flammation seems to be a factor of importance in the patho¬ 
genesis of pain production in nerve root compression 
syndromes. It is debated whether such intrancural inflamma- 



Figures 9.12. A. TI -weighted coronal magnetic resonance image of lumbar nerve roots and dorsal root 
ganglia ( arrowheads ). B. Lumbosacral nerve root and dorsal root ganglion (DRG) parameters. (/) Level of 
the nerve root origin. (2) Nerve root sleeve angulation (NRA). (2) Length of the nerve root (NRL). (4) 
Position of the DRG. ( 5 ) Dimensions of the DRG (DRGW, DRG midpoint width; DRGL, DRG midpoint 
length). (6) Height of the DRG. (7) Dimensions of the pedicle (W, pedicle midpoint width; H, pedicle 
midpoint height). (8) Height of the intervertebral foramen (FH). IS, intra-spinal; F, foraminal; £F, cx- 
traf oraminal; AP, above the pedicle; U , upper third of the pedicle; M, middle third of the pedicle; L, lower 
third of the pedicle; BP, below the pedicle. (Reprinted with permission of Hascgavva T, Mikawa Y, Watan- 
abc R, et al. Morphometric analysis of the lumbosacral nerve roots and dorsal toot ganglia by magnetic res¬ 
onance imaging. Spine 1996;21 (9): 1005—1009. Copyright 1996, Lippincott-Ravcn.) 
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tion is the result of an inflammatogenic effect of nucleus pul- 
posus on nerve tissue (chemical radiculitis) or is an effect of me¬ 
chanical nerve root deformation by the herniated disc. 

The dorsal root ganglion is a pain source, as cited above, and 
it can be stimulated to produce pain-relieving afferent impulses 
with passive range of motion adjustments. These movements 
are produced with automated axial distraction adjustments and 
the clinical advantages of pain relief result. 

LIGAMENT LOADS IN AXIAL FLEXION- 
DISTRACTION ADJUSTMENTS 

Gudavalli and Triano (1 09) quantified the ligament and disc loads 
on the lumbar spine during combined traction and flexion load¬ 
ing and reported that both increase the loads on the posterior lig¬ 
aments. A computer modeled the posterior ligaments, and ver¬ 
tebral bodies, intervertebral disc with the anterior and posterior 
ligaments, and facet joints with equilibrium conditions were ap¬ 
plied to the model. Flexion of the motion segment created a 
compressive load on the disc and the traction load created a ten¬ 
sion load on the disc. The ligaments arc loaded well below their 
failure loads at traction loads under 444 N and 6° of flexion load. 

I am concerned that these limits not be exceeded with my 
technique and that tolerance testing is done on every patient 
prior to distraction adjustment. Chapter 8, Biomechanics Re¬ 
search on Flexion-Distraction Procedure by Ram Gudavalli, 
PhD, covers the research of the biomechanics of distraction ad¬ 
justing. 

PROTOCOL DESCRIPTION 

Pre-Cox Distraction-Adjustment Procedure 

Two classes of patients are candidates for distraction adjusting 
procedures: 

1. The patient with low back pain and lower extremity pain ex¬ 
tending to the knee but not beyond. 

2. The patient with sciatic radiculopathy, which is diagnosti¬ 
cally listed as an intervertebral disc herniation (contained or 
noncontained) or a spinal stenosis defect cited as causing an¬ 
terior or posterior element degenerative changes. 

INCLUSION AND EXCLUSION CRITERIA FOR 
DISTRACTION ADJUSTING 

Algorithm 9. A outlines the exclusion and selection of patients for 
administration of distraction adjusting. Conditions not treatable 
with chiropractic distraction adjustments are excluded by fol¬ 
lowing this screening procedural algorithm. The diagnosis of 
cauda equina syndrome, fracture, dislocation, neoplasm, infec¬ 
tion, metastatic disease, diabetes, arthritidcs, vascular disease, 
systemic diseases, and hard or progressive neurologic signs in¬ 
dicative of significant nerve root irritation are diagnosed and ap¬ 
propriately managed, leaving those conditions with probable me¬ 
chanical cause of pain for treatment with distraction adjustments. 


Algorithm 9. B outlines management of patients with radic¬ 
ular low back pain using distraction adjusting, and includes 
time and visits considered customary to arrive at 50% relief and 
necessary decision-making if 50% relief is not attained at 2 to 
5 weeks of therapy. Options for the patient who attains maxi¬ 
mal relief are given. 

Algorithm 9.C outlines management of nonradicular low- 
back pain using distraction adjusting, including the time and 
visit parameters to arrive at 50% improvement and further 
treatment protocol when 50% relief is not attained within 4 
weeks. 

Determining Frequency of Distraction 
Adjustment Care 

Treatment with Cox distraction adjustments is structured for 
frequency of care depending on the severity of the pain. Sciat¬ 
ica patients with great pain and neurologic signs are treated 
daily, whereas patients with less severe nonsciatic pain are 
treated from daily or two to three visits weekly, depending on 
pain and disability. 

Fifty percent improvement is a determining factor for de¬ 
creasing treatment frequency, shown in Algorithms 9.B and 
9.C. Patients who fail to show' 50% improvement, objec¬ 
tively and subjectively measured, within a month of care un¬ 
dergo further testing (e.g., imaging, electromyography, or 
other appropriate measures) to determine future treatment 
options. 

Rehabilitation 

Rehabilitation of the patient is started at the beginning of treat¬ 
ment depending on pain and w eakness limitations. 

Patient Compliance 

A patient who fails to attain 50% improvement w ithin 1 month 
of care is evaluated for compliance. Patients not following treat¬ 
ment protocols are reminded of the need to do so. Other treat¬ 
ment options (e.g., epidural steroid injection, transcutaneous 
electrical stimulation, drugs, and so forth) for further conserv¬ 
ative care are explained to the patient; this allows patients to be 
aware of their treatment options. If noncompliant, the patient 
is given the option of continuing with distraction adjustments 
for another month. Patients w ho are compliant, but who do not 
attain 50% relief in 1 month, are ref erred for appropriate con¬ 
sultation, imaging and testing, and (co)management. 

Patient Treatment Options 

Three options are available to patients attaining 50% relief of 
pain following 1 month of care who fail to attain further relief 
in the second month: 

1. Continuing conservative and rehabilitative care. 

2. Seeking other treatment options. 

3. Being discharged. 
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General Screening Considerations for 
Adult Patients with Low Back Pain (A) 

Cox JM, Feller J, Cox-Cid J. Distraction chiropractic adjusting: clinical 
application, treatment algorithms, and clinical outcomes of 1,000 cases. 
Topics in Clinical Chiropractic 3(3) 1996. 

Seed Algorithm by Robert D. Mootz. DC; Murray Smith, DC; 

Kevin Small, DC; James M Cox. DC; Daniel T. Hansen, DC 


Yes 



Yes 




Are findings of 
concurrent systemic 
disease and/or age 
related changes 
present? 



NO 



Are there clinical 
findings of nerve root 
involvement and/or 
central canal disc 
bulge? 


No 


Yes 




Does concurrent 
disease preclude 
(co)management by 
conservative manual 
methods? 

- 1 - 

No 

_ * _ 



Yes^ 


CONSIDER ORGANIC/ 
SYSTEMIC ETIOLOGY 
Obtain special studies 
and/or medical consultation 
as appropriate. 


ARRANGE APPROPRIATE 
(CO)MANAGEMENT OF NON- 
LOW BACK CONDITION(S) 
Go to Box 11 


10 


YesHW 


PROBABLE RADICULAR ETIOLOGY 
See algorithm for management of 
radicular low back pain utilizing 
distraction adjusting 


12 


PROBABLE NONRADICULAR 
ETIOLOGY 

See algorithm for management 
of non-radicular low back pain 
utilizing distraction adjusting. 


13 


Annotation: 

(A) This algorithm illustrates general screening issues involved in the 
work-up of patients with low back pain. It is intended to orient the reader 
regarding the types of patients who may be candidates for distraction 
adjusting. It is not intended as a guide to comprehensive differential 
diagnosis of patients with low back pain. Undiagnosed patients require 
appropriate history, physical and regional examinations, as well as 
appropriate special studies in order to arrive at an adequate diagnosis. 


Algorithm 9.A. 


The first option of continuing conservative and rehabili¬ 
tative care is based on the research work of Shvartzman et al. 
(13) who stated that a patient not responding to the initial 
trial of conservative therapy should be given the option to 
undergo continued conservative treatment. He bases this 
opinion on the fact that the generally accepted protocol for 
management of an acutely herniated disc is several weeks to 
months of conservative therapy followed by discectomy in 
refractory cases. Saal (110) states that a herniated disc with 
sciatica can he successfully treated with aggressive nonoper¬ 
ative care. He cites 90% success with a 92% return to work 
rate among 64 patients with signs and symptoms of herniated 


disc confirmed by either CT or MRI of herniated lumbar 
disc. 

Patients who, at 3 months of care, are still showing objec¬ 
tive and subjective improvement of pain and disability arc al¬ 
lowed further adjustments and increasingly vigorous rehabili¬ 
tation therapy as Jong as jurther relief is being attained. When 
further relief is not being attained, the patient is presented with 
the three options listed above. 

These patients are evaluated at 2-week intervals with objec¬ 
tive and subjective evaluators as described in the annotations of 
the Algorithms 9.A and 9.B; this allows definitive demonstra¬ 
tion of patient relief. 
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Management of Radicular Low Back 
Pain Utilizing Distraction Adjusting 

Cox JM, Feller J, Cox-Cid J. Distraction chiropractic adjusting: clinical 
application, treatment algorithms, and clinical outcomes of 1,000 cases. 
Topics in Clinical Chiropractic 3(3) 1996. 

Seed Algorithm by Linda J Bowers, DC, James M Cox, DC. 

Robert D. Mootz, DC; Matt Gilbertson, DC; Daniel T. Hansen, DC 


No 



Parent unable to 
tolerate activity or 
appear a I risk ol 
non-compliance 7 

-1- 

No 

_ r _ 


PROBABLE NONRADICULAR OR 
UNCOMPLICATED DISC CONDITION 
Manage according to protocols desen bed in algorithm 
for management of non-radicular low back pain. 



Yes 


CONSIDER PAIN CONTROL 
AND/OR EDUCATIONAL MANAGEMENT 

Short term use of pain control modalities, gentle 
massage, medication, and/or reitlforcement of 
importance of compliance may be helpful Go to Box 6 


1 Encourage gradual but steady return to normal activity within tolerance. 
2. Provide instruction in proper ergonomics and activities of daily living. 

3 Begin gentle rehabilitation exercises to tolerance. 

4 Consider support braces to help restrain movement 

5. Avoid sitting positions to minimize compressive disc pressure. 

BEGIN THERAPEUTIC TRIAL OF DISTRACTION ADJUSTING 
Perform 3 sets of repetitions of axial flexion distraction for 20 seconds 
each Treatment may be required 3-6 times/week for 2-5 weeks. (B) 


< 


i 


Has leg pain below 
knee resolved? 


Yes 



Has patient improved 
at least 50% within 2-4 
weeks more care? (C) 



POSSIBLE 

COMPLICATING FACTORS 
Evaluate for compliance, 
undiagnosed pathology 
|Obtain appropriate consultations\ 
and special studies. 


INCREASE ACTIVE 
CARE INTENSITY 
Add additional ranges of motion 
to distraction adjusting 
Encourage more activity 
Increase amount and intensity 
of rehabilitation exercises. 


10 


Yes 


GOTO 
BOX 





± 


is further relief 
attained within 2-4 
more weeks of care at 
reduced frequency 7 

- 1 - 

Yes 

_*_ 



OFFER OPTIONS TO PATIENT 
1 Continue care additional month. 
2. Other treatment approaches. 

3 Discharge. 


12 


INCREASE ACTIVE CARE 
(te. more vigorous rehabilitation) 
Decrease passive care 
Discharge to self-care and/or 
PRN when stable (D) 


11 


Annotations: 

(A) See algorithm General Screening Considerations for Adult Patients 
with Back Pain. 

(B) Initial treatment frequency may be high depending on condition 
severity. Frequency is expected to decrease over time. 

(C) Typically improvement assessment should incorporate both subjective 
and objective indicators (eg. pain scales, straight leg raise, range of motion) 

(D) PRN - Pro ReNala( care as needed). 


Algorithm 9.B. 


Mandatory Imaging 

Note in Algorithm 9.A that patients who are seen following 
trauma; those who have a history of systemic disease, or those 
with cauda equina or spinal cord compression signs receive 
clinical testing (e.g., imaging, electromyography, nerve con¬ 
duction tests, and so on) when first seen. Patients with hard or 
soft neurologic signs are considered for these tests at the time 
of first examination, based on the clinician’s judgment. How¬ 
ever, note that a patient who does not attain 50% relief of pain 


and disability within 1 month of care is ordered to undergo di¬ 
agnostic imaging. Testing results determine future treatment, 
whether care is continued with the present clinician, or a re¬ 
ferral is made for proper (co)management. This protects both 
the doctor and patient from possibly missing an underlying or¬ 
ganic disease that might be causing the pain. In today’s managed 
care-dominated chiropractic world, imaging is often discour¬ 
aged until conservative care fails to show positive clinical relief. 
A point is reached where good care demands imaging, and the 
steps required to reach that point are shown in Algorithm A. 
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DISTRACTION TREATMENT PROTOCOL 

The actual application of Cox distraction adjusting will be de¬ 
scribed as it is taught in the certification course at the National 
College of Chiropractic. The actual technique is described with 
acceptable modifications of the doctor’s spine contact and differ¬ 
ing patient postures for application of Cox distraction adjusting. 

Patient Positioning Sequence 

For the patient positioning sequence, follow the steps listed 
below. 

1. Check that all locks on the table are secure and that the table 
height is satisfactory for easy patient access. If a flexion cush¬ 


ion is to he used in the patient care, as in spondylolisthesis, 
facet syndrome, or antalgic flexed posture, it is to he in place 
before the patient lies on the table (Fig. 9.13). 

2. Figures 9. 14 and 9. 1 5 show how the patient gets on and off 
the table. 

The doctor directs the patient to support his or her body 
weight with the arms while slowly lowering the torso and 
lower extremities onto the table. The patient forcefully 
tight ens the abdominal and gluteal muscles to stabilize the 
lumbar spine during this maneuv er. 

A lumbar spine support is recommended to aid patients 
with a lot of pain or those with sciatica caused by herniated 
lumbar disc lesions in arising from the table. Regardless 
whether a support is used, the doctor assists the patient to rise 
while the patient stabilizes the lumbar spine by tightening the 
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abdominal and gluteal musc les and pushing the body up with 
arm power. The patient slowly slides the lower extremities 
from the table and assumes the upright posture (Fig. 9.15). 

3. Patient positioning is shown in Figure 9.16. A flexion cush¬ 
ion under the abdomen may be needed for patients with 
marked low back or leg pain to sustain the Hexed posture 
that relieves their pain. 

The patient lies prone with the anterior superior iliac 
spine resting 2 inches anterior to the caudal edge of the tho¬ 
racic section of the table. The ankles are positioned so the 
talotibial articulation rests comfortably on the ankle sup¬ 
port. Arms rest on the arm rests (Fig. 9.1 6). 

4. Some patients are in too much pain to lie prone and must be 
treated while side lying until such time as the prone position 
is tolerated. In such cases the patient lies on the side with the 
pelvis on the caudal section of the table, and flexion distrac¬ 
tion is administered by using the lateral flexion capabilities 
of the instrument. This will be shown later. (See Fig. 9.17.) 



Figure 9.13. Table shown with all locks secure. A flexion roll use is 
optional. 



5 . The flexion-distraction lock is released and spring tension is 
set on the caudal section to provide proper resistance for the 
patient’s body weight. This is done until the caudal section 
of the table slowly, and with minimal resistance, returns to 
horizontal from the flexed position. 

Tolerance Testing of the Lumbar 
Motion Segment 

Prior to adjusting with distraction procedures, the patient s tol¬ 
erance to the procedure is checked and documented. Limita¬ 
tions of the type and amount of distraction adjustment is based 
on Cox (26) and Kramer’s (86) testing procedures as follows: 

1. If a decrease of pain can be demonstrated under distraction, 
traction adjusting treatment should be instituted. As a rule, 
the pain first positively changes its character by centralizing 
or diminishing. For instance, a lateral pain will be trans- 



Figure 9.15. Patient assisted f rom table. 



Figure 9.14. Patient assisted onto table. 


Figure 9.16. Patient positioning on table. 
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Figure 9.17. Patient lies on side due to pain when lying prone. 


onds, asking the patient if he or she feels any pain in the 
lower extremity, pelvis, or low hack. If no pain is produced, 
slowly return the caudal section of the table to the horizon¬ 
tal (neutral) position and slowly remove the specific spine 
contact. 

3. Lateral distraction testing: Apply specific palmar or thenar 
contact under the spinous process of the level to be tested 
and grasp the lower extremity above the ankle of the unin¬ 
volved nonpainful side. Flex the caudal section of the in¬ 
strument to patient tolerance, a 2-inch maximal downward 
movement of the caudal section or until the patient’s oc¬ 
ciput moves into extension nutation, and hold the position 
for 4 seconds. (See Fig. 9.19.) 

If no buttock, hack, or leg pain is produced, slowly re¬ 
turn the pelvic section to the neutral, slightly flexed position 
and slowly remove the specific spinal contact. 

4. Grasp the ankle of the involved side and repeat step 3. 


ferred centrally, and a sharp lancinating root pain can turn 
into dull low back pain. 

2. Traction is contraindicated when it causes an increase in 
pain. Reasons for the pain include: 

• Shearing forces influence a displaced fragment and dislo¬ 
cate it completely (pain will always be increased when the 
prolapse is medial and near the nerve root) 

• A prolapse is still within the boundaries of the vertebral 
margins, but during traction becomes dislocated into the 
spinal cord 

• Adhesions are found around the nerve root 

• Adhesions in the spinal canal following surgery 

Traction is also contraindicated in patients whose symptoms 
have increased during a long period of relaxation (e.g., sleep¬ 
ing, during which an “increase of disc volume” occurs). More¬ 
over, traction should not he used in patients with hypermobile 
segments and muscle insufficiency. 

Tolerance Testing of Patient's Ability to 
Withstand Distraction Movements 

1. Release the flexion-extension lock. 

2. Central distraction testing is shown in Figure 9.18. Apply 
specific palmar or thenar contact under the spinous process 
of the motion segment to be tolerance tested and stabilize 
the spine. No ankle cuffs are applied. While holding onto 
the assist (tiller) bar, flex the caudal section of the table to 
patient tolerance and/or a maximum of 2 inches or until the 
patient’s occiput moves into extension nutation, which cor¬ 
responds to the 2-inch downward table motion. The doctor 
can use either the 2 inches of downward movement or the 
occipital extension as the maximal caudal flexion point with 
the instrument. The patient’s lower extremities act as the 
tractive force to test tolerance. Hold the contact for 4 sec- 



Figure 9.19. Lateral distraction testing. 
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Spinous process discomfort may be felt by the patient, but 
this is not a contraindication to application of distraction ad¬ 
justing. This discomfort is caused by irritation of muscle or the 
dorsal ramus of the spinal nerve, and the doctor should attempt 
to apply bilateral paravertebral pressure with the thenar and 
hypothenar eminences of the hand to cradle the spinous process 
between these contact points and minimize pressure on it. 
Note: All segments to be treated are tolerance tested on the ini¬ 
tial visit, prior to distraction adjustments being administered. 

Procedure After Tolerance Testing 

No Pain Felt on Tolerance Testing 

Distraction manipulation can be instituted slowly while con¬ 
stantly monitoring patient reaction. The doctor can use either 
the ankle cuffs for increased traction or the patient’s lower ex¬ 
tremity weight or ankle as the traction force in applying dis¬ 
traction as shown in Figures 9.18 and 9.19. 

Procedure When Pain Is Felt on 
Tolerance Testing 

Always treat the patient with the distraction force below toler¬ 
ance—that is, if the patient’s pain is aggravated when the ankle 
cuffs are used, but not when the ankle is held as shown in Fig¬ 
ure 9.19, then treat as shown in Figure 9.19 until such time as 
ankle cuf f use does not cause any pain. If no pain is felt when us¬ 
ing the patient’s lower extremity weight as the traction force 
(see Fig. 9.18), but using ankle distraction force (see Fig. 9.19) 
causes pain, then start with using the patient’s lower extrem¬ 
ity weight as the tractive force until such time as the ankle dis¬ 
traction force is not painful. If any distraction force causes in¬ 
creased pain, do not use distraction adjustment. Instead, use 
another treatment approach such as physiologic therapeutics 
(e.g., positive galvanism, ice, interferential current) until such 
time as distraction with the patient’s lower extremity weight 
alone does not cause pain. Pain occurs most frequently with 
distraction adjusting in the acute sciatica patient who is in 
marked antalgic posture with muscle guarding. 

Palpatory Contact to Increase Local Soft 
Tissue Tension 

In administering distraction adjusting, the doctor must make a 
contact on the spinous process above the disc or facet articula¬ 
tion that is to be adjusted. Because flexion distraction is the first 
movement instituted in almost all low back conditions (ex¬ 
cluding compression fracture and kyphotic sagittal curves, for 
example) the treatment position from which distraction flexion 
is applied is shown and described in Figure 9.20. 

1. The doctor’s cephalad hand palpates the interspinous space 
of the motor unit to be treated with the tip of middle finger. 

2. Place the tips of the second and fourth digits over the middle 
region of the paravertebral muscles at the level being treated. 



Figure 9.20. Palpatory contact point used to determine tissue tautness 
between the spinous processes. 



Figure 9.21. Neutral starting point f or distraction adjusting. The in¬ 
terspinous space is tautened and any further distraction will enter the 
elastic resistance of the motor segment unit. The neutral starting point, 
as shown, is attained with or without the cuffs in place. 

Treatment Position for Distraction 
Adjusting 

1. Depending on patient response to tolerance testing, apply 
the cuff or use the patient’s lower extremity weight as the 
traction force or grasp the patient’s ankle. 

2. Move the foot piece caudally, if the cuffs are used, until the 
lower extremities and spine become taut. If more distrac¬ 
tion is needed, as with a tall patient, use the caudad crank 
and begin to slowly separate the caudal section from the tho¬ 
racic section of the table until the lower extremity and spine 
become taut. 

3. Release the flexion-extension lock. 

4. Apply the palpatory contact to increase local soft tissue ten¬ 
sion, as shown in Figure 9.20. 
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5. Use the caudal hand to grasp the assist bar, and slowly flex dis¬ 
tract the caudal section of the table until the spinous processes 
separate and/or muscle tension increases. See Figure 9.21. To 
realize this taut point, I use the analogy of a rubber hand be¬ 
ing stretched to its taut point before expanding its length. 
Note: This last table treatment position of pelvic flexion dis¬ 
traction tautness will he the treatment position for all further 
table movements when distraction adjustments are adminis¬ 
tered. 

At this point, all tissue relaxation of the lower extremities 
and spine has been removed so that further distraction applica¬ 
tion will act on the specific spinal segment below the doctor’s 
spinous process contact. Also note that in treating the spinal 
segments under distraction, the downward caudal traction 
force of the table requires equal cephalward force by the doc¬ 
tor’s spinous process contact when distraction is applied to a 
given vertebral segment. 

COX DISTRACTION-ADJUSTMENT 
PROCEDURE PROTOCOL 

Protocol I: Patients with True Sciatica 

The only distraction adjustment received by a patient with sci¬ 
atica is flexion distraction. Intermittent distraction is produced 
by distraction flexion application with the Cox instrument. 

Orders 

Three 20-second sets of five distractive repetitions per set per¬ 
formed at the level of the diagnosed disc herniation. 

1. The patient is positioned as shown in Figures 9.14-9.17. 

2. Tolerance testing is performed as shown in Figures 9.18 
and 9.19. 

3. Find the palpatory contact point and treatment position as 
shown in Figures 9.20 and 9.21. 

4. Apply specific palmar or thenar contact on the spinous 
process above the disc herniation or stenotic level to he 
treated. Induce five 4-second distraction flexion move¬ 
ments of the caudal pelvic section, producing a total dis¬ 
traction time of 20 seconds. The limit of downward move¬ 
ment of the caudad pelvic section of the instrument will he 
2 inches, patient discomfort, or the beginning of occipital 
extension nutation. The downward caudal traction force 
of the table will require equal cephalward force by the 
doctor’s spinous process contact when distraction is ap¬ 
plied to a given vertebral segment. See Figure 9.22/1. 

The doctor’s arm is parallel with the patient’s spine, not 
at an angle to it. The thenar pad is in contact with the spin¬ 
ous process to minimize pressure force and thereby pain. 
The doctor should not hyperextend the wrist to avoid the 
danger of carpal tunnel stress; therefore maintain a low an¬ 
gle of cephalad lift under the spinous process. The doctor 
should dissipate pressure over the entire palm and finger 


surface of the contact hand with emphasis on the thenar 
contact of the spinous process. This type weight and force 
distribution minimizes patient awareness of pressure to the 
spine. Figure 9.22 R shows the flexion roll in place for a pa¬ 
tient whose pain is eased by flattening of lumbar lordosis. 

5. After the first 20 seconds of five 4-second repetitions of 
the interspinous space, return the caudal section of the 
table to the neutral starting position. 

6. Allow the patient at least a 10-second rest period during 
which time muscle and soft tissue trigger point, acupres¬ 
sure, or other therapy the doctor prefers is applied. 

7. Steps 3 through 6 constitute one set. To fulfill the orders 
cited (three sets of five repetitions), two more sets of steps 
3 through 6 are repeated. 

8. Note: Securing the table locks between each set can he 
omitted if the doctor ensures no movement of the caudal 
section occurs during the rest period. 

9. Following the third set, the caudal section is returned to a 
neutral slightly flexed position and locked in place. 

10. Remove the ankle cuffs if they were used in treatment. 

11. Assist the patient off the table as shown in Figure 9.15. 

W Ij 


l 



Figure 9.22. A. Application of the three 20-second pump distractions 
without the flexion roll. B. Application of the three 20-sccond pump dis¬ 
tractions with the flexion roll in place. 
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Special Applications of Distraction 
Adjustment in Disc Herniation Patients 

Antalgic Sciatic Lists of the Thoracolumbar Spine 

If the patient has a right or left sciatic list, place the caudal section 
of the table to match the list to aid in relief of pain and treatment 
efficacy. Figure 9.2 3 shows the caudal section in right lateral flex¬ 
ion to accommodate a right list of the thoracolumbar spine that is 
often seen in right medial or left lateral disc herniations. 

Patients Whose Pain Does Not Allow Them to 
Lie Prone 

Figure 9.24 shows the side lying posture for the patient who 
cannot lie prone for distraction adjusting. The doctor stabilizes 
the spinous processes above and below the disc to he distracted, 



Figure 9.23. Caudal section of the table in right lateral flexion to ac¬ 
commodate and allow relief of pain of a patient who lists to the right side 
for pain reduction. 
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Figure 9.24. Patient lies on the side because pain prevents her horn 
lying prone. Right lateral flexion is also attained by flexing the caudal sec¬ 
tion of the table. 


while using lateral f lexion of the caudal section to place the pa¬ 
tient’s lumbar spine into flexion distraction. See the figure leg¬ 
end for details of this technique. 

Pain that does not allow the patient to lie prone for distrac¬ 
tion adjustments requires the patient to be placed on the side for 
adjustment correction. Flexion of the caudal section can also he 
used to produce a sciatic scoliosis list of the thoracolumbar spine, 
thus adding to patient comfort. In this case, the patient assumes 
a right lateral flexion of the thoracolumbar spine by flexing the 
caudal section of the instrument. 

Lateral Flexion Used to Apply Flexion Distraction 

With the patient lying on the side with the pelvis resting on the 
caudal section oj the table, the doctor uses the lateral flexion 
movement of the caudal section to produce flexion distrac¬ 
tion of the involved disc level in the painful patient who can¬ 
not lie prone on the table. The doctor’s palpating fingers sta¬ 
bilize the spinous processes above and below the involved disc 
to accommodate opening of the interspinous processes as lat¬ 
eral flexion is applied. The doctor can hold the tiller bar with 
one hand and the spinous processes with the other, or my 
preference is to have both hands contacting the spinous 
processes, my thigh contacting the caudad table section, and 
using my caudad arm to move the patient into flexion and 
return to the neutral position. This allows both of the doc¬ 
tor’s hands to control the interspinous movement. See Fig¬ 
ure 9.25. 

Frequency of Treatment of the Disc 
Herniation Patient 

Daily treatments, sometimes more than once per day, arc re¬ 
quired for patients in severe pain and for those who are inca¬ 
pacitated. Patients with an acute disc lesion are best kept in the 



Figure 9.25. Side King flexion distraction to treat a painf ul disc case 
when pain prevents lving prone. 
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office throughout the clay so that treatment can he given as 
needed. The patient needs to avoid sitting, which increases the 
intradiscal pressure and slows healing, even causing relapses. It 
is better for the patient stay recumbent in the office while un¬ 
dergoing distraction adjusting or therapies intended to reduce 
inflammation and help the patient avoid bending, lifting, and 
twisting, than to he driving a car, lifting, or doing other activ¬ 
ities that slow or prevent healing. 

As the patient attains 50% relief of symptoms, the visits are 
reduced by 50%. See Algorithms 9. B and 9.C for the reduction 
of treatment frequency as well as the ref erral mechanism in 
treating disc and nondiscal patients. As noted, a patient who 
does not show 50% relief of disc herniation symptoms, objec¬ 
tively and subjectively, within 3 to 4 weeks of distraction ad¬ 
justing and care, undergoes imaging and if it is positive, a neu¬ 
rosurgical consultation made. 

Three Months for Healing of a 
Herniated Disc 

Herniation of a nucleus pulposus causing nerve compression 
can heal spontaneously provided low intradiscal pressure can 
he maintained for 3 months (111, 112). 

It is commonly accepted that in the treatment of patients 
suf fering from symptoms of herniated nucleus pulposus (lum¬ 
bar disc lesion), conservative management should he tried be¬ 
fore resorting to a surgical procedure. The danger of surgical 
complications, the certainty that laminectomy will cause dam¬ 
age to the stability of the spine, and the occasional f ailure of sur¬ 
gical procedures to relieve symptoms indicate the advisability 
of an initial trial of conservative treatment. 

Under favorable circumstances the protruded portion of 
the nucleus pulposus shrinks by dehydration, and the symp¬ 
toms of nerve root compression are relieved. Over a period of 
months the posterior wall of the anulus fibrosus heals by fi- 
brosus, which can result in complete clinical recovery. How¬ 
ever, if excessive pressure on the disc occurs before healing of 
theanulus fibrosus has progressed sufficiently, the tear will re¬ 
cur, additional disc material will he expelled, and symptoms 
will return or become aggravated. The purpose of a program 
of conservative management is to keep the intra-discal pres¬ 
sure sufficiently low for a period of time that permits adequate 
healing of the anulus fibrosus. In clinical experience, it takes 
approximately 3 months until a herniated disc patient can 
carry out the ordinary activities of daily living without the dan¬ 
ger of recurrence (1 12). 

Phases of Patient Response to Care 

Three stages of patient response to treatment include: 

Stage 1: Acute Inflammatory Response 

In the inflammatory stage, the body responds to injury. This is 
a 2- to 7-day period devoted to controlling, hut not eliminat¬ 
ing, inflammation as the body starts the healing process. Vas¬ 


cular changes with the release of chemical reactants (e.g., 
bradykinins, prostaglandins, and histamines) occur in this 
stage with the release of proteolytic enzymes for the elimina¬ 
tion of damaged tissue. 

Stage 2: Repair Phase 

Bleeding is minimized in injured soft tissue to reduce healing 
time. Collagen deposition starts in this 3- to 14-week postin¬ 
jury period, and the tensile and elastic properties of the newly 
formed collagen depend on the mechanical stresses to which it 
is subjected. It is important to encourage the collagen fibrils to 
form in an alignment pattern that will allow elasticity and ten¬ 
sile motion in the normal motion range of the involved soft tis¬ 
sue. If the collagen forms in a dysfunctional scar, motion is lost 
and pain may occur. 

Stage 3: Remodeling Phase 

This ph ase lasts from 3 weeks to 2 years, with great overlap be¬ 
tween stages 2 and 3. It is important that collagen is formed in 
the orientation of normal soft tissue alignment. This phase usu¬ 
ally starts within 1 month of injury; therefore, rehabilitation 
needs to incorporate motion of the healing soft tissue into the 
stress motions that are normal for the tissue. This ensures ulti¬ 
mate motion and return of the patient’s occupational and 
recreational activities (113). 

Distraction adjustment is the principal method I use to en¬ 
sure that collagen tissue is aligned in the orientation of physio¬ 
logical motion of the triple joint complex (intervertebral disc 
and two facet articulations), muscles, ligaments, and tendons. 
The physiologic ranges of motion of the vertebral motion seg¬ 
ments are insured by placing each vertebra and its adjacent ar¬ 
ticulations through the motions of flexion, extension, lateral 
flexion, circumduction, and rotation. Coupled motions and 
even triple motions are used also. 

Exercise Rehabilitation Protocol 

No matter how much a patient is suffering from sciatica and 
hack pain, exercises are started on the first day. These may he 
only tolerable knee-chest or pelvic stabilization and tilt, hut 
patients are conditioned to know the importance of early self- 
care of their condition. Low hack wellness school, which is 
taught every 2 weeks in our clinic, stresses proper lifting pos¬ 
tures, conditioning exercises, ergonomic training, under¬ 
standing of conditions for which no cure is available such as 
transitional segment, spondylolisthesis, disc degeneration, 
and so forth. Patients are told that they absolutely need to es¬ 
tablish parameters around their daily activities to protect 
themselves from any pain flare ups. Nautilus rehabilitation is 
started when 50% relief of pain is attained. Family members 
are taught how to assist in the Cox exercise program and to 
perform massage and trigger point therapy to the patient at 
home. We instill in the patient that, although often no cure ex¬ 
ists for their hack pain, they can control it. It is up to us to 
teach them how to do so. 
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Protocol II: Patient Without 
True Sciatica 

The patient without true sciatica—no pain extends below the 
knee—receives distraction adjustments to restore full range 
facet joint motion and pain relief. Full range of motion is given 
to the facet joints of the lumbar spine. 

Orders: Distraction of the facet joints is first administered 
followed by passive facet joint adjustment in the physiologic 
ranges of motion (flexion, right-left lateral flexion, right-left 
circumduction, right-left rotation, and extension). One set of 
10 repetitions is perf ormed under distraction in each range of 
motion. 

I refer to treatment of the posterior elements of the func¬ 
tional motor unit of the spine as treatment of hack pain origi¬ 
nating from facet syndrome. Facet syndrome is a subluxation 
complex of the articular processes in which increased weight¬ 
bearing occurs due to intervertebral disc narrowing and de¬ 
generation or hyperextension subluxation of the superior ver¬ 
tebra on the inferior segment. Facet capsule irritation, 
intervertebral foramen stenosis, and arthrosis may he the re¬ 
sult. See the chapter on facet syndrome in this hook for the bio¬ 
mechanics and mechanism of facet syndrome. 


Distraction-Adjustment Procedure for 
Facet Syndrome 

Distraction adjustment for facet syndrome is performed as 
follows. 

1. Patient positioning. Sec Figures 9.1 3—9.1 7. 

2. Tolerance testing sequence. Sec Figures 9.18 and 9.1 9. 

3. Apply ankle cuffs securely and move footpiece caudally un¬ 
til taut. 

4. Contact the spinous process and administer the distraction 
adjustment. 

Two methods of contacting the spinous process are: 



Figure 9.26. Contact ol spinous process with index finger and thumb. 



Figure 9.27. Contact of spinous process with thenar part of doctor’s 
hand. Flexion distraction is applied for flexion of the facet joints. 


1. Figure 9.26 shows the spinous process held between the 
thumb and index finger. This allows more precise control of 
stabilization than the thenar contact shown in Figure 9.27, 
and it is suggested for the beginning doctor to use in dis¬ 
traction adjustments. With this contact, the spinous process 
is resisted on the side of lateral flexion; if laterally flexing the 
spine to the right side, for example, the spinous process 
would he resisted on the right side by cither the thumb or 
index finger. 

2. Figure 9.27 shows the thenar contact by the doctor on the 
spinous process. This contact is comfortable to the patient 
as it allows less pressure because of the padding of the doc¬ 
tor’s contact; however, it docs not allow the delicate con¬ 
trol against motion of the spinous process as the contact 
shown in Figure 9.26. 


Range of Motion Adjusting 
Under Distraction 

Flexion range of motion adjustment is shown in Figure 9.27. 
Apply the specific spinous process contact as shown in Figures 
9.26 and 9.27. Stabilize the spinous process at the neutral start¬ 
ing point (Figure 9.21) and induce flexion movement of the 
caudal section of the table in a rhythmic and oscillatory type of 
motion for a total of 10 repetitions. Velocity is approximately 
1 repetition per second. See Figure 9.27. 

A flexion cushion can he placed under the abdomen of thin 
patients to flatten the sagittal lordotic curve of the lumbar spine 
and accommodate easier distraction of the posterior facet com¬ 
plex (Figure 9.22 B). 

A push-pull pumping effect is created at the interspinous 
space as the facets arc distracted. The case of opening the in¬ 
terspinous space often improves with subsequent pumping 
openings of the vertebral space. During flexion distraction, 
testing is done of the normal mobility, hypermobility, or hy- 
pomobility of the vertebral motion. When hypermobility or 
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normal range of motion is found, the doctor moves to the next 
level to he treated. If hypomobility is found, the doctor applies 
distraction adjustment until a normal or increased range of mo¬ 
tion is produced. Of course, this may require sequential struc¬ 
tured visits to regain full range of motion. 

The limit of distraction application to a given vertebral level 
is 2 inches of downward caudal table section movement, oc¬ 
cipital extension nutation, or patient tolerance. 

Return the pelvic section to the neutral starting position, 
and remove the palmar stabilization force on the spinous 
process. The table can he locked by engaging the flexion- 
extension lever or left unlocked for the next step, depending 
on doctor preference and ability. Note: The distraction adjust¬ 
ments of lateral flexion and rotation arc performed under flex¬ 
ion distraction, which are shown next while the patient is un¬ 
der the flexion distraction mode. The purpose of perf orming 
lateral flexion and rotation ranges of motion under distraction 
is the mechanical principle that the intervertebral foramen 
and disc space are maximally opened and patent, and the zy- 
gapophysial joints are positioned in an open, non-hyperex- 
tended position. With this anatomic posture, lateral flexion, 
circumduction, and rotation can he performed with lower risk 
of introducing stenotic entrapment of the dorsal root ganglion 
or nerve root by the superior facet of the inf erior vertebra tele¬ 
scoping into the lateral recess and osseoligamentous canal. Re¬ 
fer to Figures 9.1-9.4 for further clarification. We reduce 
stenosis and its adverse ef fects when we apply distraction to the 
vertebral segments, and this reduces the possibility of iatroge¬ 
nesis by further nerve root compression during the adjustment. 

Flexion and extension are strong movements in the lower 
lumbar spine. The zygapophysial joints are capable of five nor¬ 
mal ranges of motion, with combinations of these motions also 
possible. The five physiologic motions are flexion, extension, 
lateral flexion, circumduction, and rotation. I feel that a facet ar¬ 
ticulation that can elicit these ranges of motion will he free from 
subluxation. Certainly, patients are seen with conditions such as 
osteoporosis, osteoarthritis, degenerative disc disease, stenosis, 
rheumatoid arthritis, other seronegative arthritides, and colla¬ 
gen vascularizingdiseases, as well as other pathologies, who can¬ 
not tolerate high velocity vectored thrusts to their facet joints, 
and distraction type adjustment is premier treatment. 

Lateral Flexion Range of Motion 
Adjustment (Figs. 9.28 and 9.29) 

1. The patient is in flexion distraction position as shown in Fig¬ 
ure 9.27. 

2. The lateral flexion lock is released. 

3. Grasp the spinous process between the thumb and index fin¬ 
ger or use the thenar contact (Figs. 9.26 and 9.27) superior 
to the facets to he adjusted and resist the spinous process 
with the contact as described for these figures. Right lateral 
flexion adjustment is shown in Figure 9.28 using the thumb 
and index finger contact and Figure 9.29 shows the thenar 
contact. Velocity of motion is approximately one repetition 
per second. 


4. Step 3 is repeated to the left side. Resist the spinous process 
with the thumb during left lateral flexion. 

Note: The doctor can stand on either side of the table, in 
which case the contact of the thumb and index finger on the 
spinous process would he reversed. Also, instead of doing 
each movement 10 times right and then left, the 10 repeti¬ 
tions can he done in combined right and left lateral flexion 
at each repetition, which allows smoother comparison of 
right to left motion. 

Also, if hypermobility or normal motion is palpated at a 
given level, the doctor can stop lateral flexion. If hypomo¬ 
bility is felt, the doctor will perf orm all 10 repetitions, and 
then again on subsequent visits, to restore normal range of 
lateral flexion. 

5. Return the caudal section of the table to the neutral (mid¬ 
line) position and secure the lateral flexion lock. 



Figure 9.28. Right lateral flexion adjustment under distraction using 
thumb-index spinous process contact. 



Figure 9.29. Left lateral flexion adjustment under distraction using 
thenar spinous process contact. 
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Rotation Range of Motion Adjustment 
(Figs. 9.30 and 9.31) 

1. The patient is in flexion distraction as shown in Figure 9.27. 

2. Release the rotation and flexion lock. 

3. Use the thumb and index finger grasp contact to stabilize the 
spinuits process in the midlinc while inducing flexion dis¬ 
traction and right rotation movement with the pelvic sec¬ 
tion of the table. A rhythmic and oscillatory type of motion 
is applied for a total of 10 repetitions. Velocity is approxi¬ 
mately one repetition per second (Fig. 9. 30). 

4. Repeat step 3 on the left side (Fig. 9.31). 

Note: Steps 3 and 4 can he done concurrently to the right 
and left on each repetition instead of 10 to the right and then 
10 to the left. This allows smoother comparison of right to 
left motion. 


\ . 

m 

r. 



Figure 9.30. Right rotation adjustment under distraction. 





Figure 9.31. Left rotation adjustment under distraction. 


Al so, if hypermobility or normal motion is palpated at a 
given level, the doctor can stop rotation. If hypomobility is 
felt, the doctor applies the full 10 repetitions, and then again 
on subsequent visits, to restore normal range of rotation. 

Rotation is applied from the L3— L4 facet levels cephal- 
ward only. Rotation is limited at the L4—L5 and L5— SI lev¬ 
els and, therefore, is not applied. 

The facet joints being rotated arc those below the spin¬ 
ous process contact (i.e., if the third vertebral spinous 
process is contacted and stabilized the L3—L4 facets arc be¬ 
ing rotation adjusted). The spinous process pressure is ap¬ 
plied on the side to which the segment is rotated (i.e., if 
right rotation is applied with the table) the pressure is ap¬ 
plied to the right spinous process. 

5. Thoracolumbar rotation is applied with the thoracic section 
of the table. 

Figure 9.32 shows the thoracic section of the table being 
used to apply right rotation to the thoracic and lumbar areas 
of the spine. Figure 9.3 3 is left rotation applied. Note that 
the patient is held in distraction as rotation is administered. 
The patient’s ankles arc in the ankle cuffs and distraction is 
applied to the spine. 

6. Return the table to the neutral midlinc position and secure 
all locks. 

Circumduction Range of Motion 
Adjustment (Fig. 9.34) 

1. Release the flexion and lateral flexion locks. Circumduction 
is a coupled movement of flexion and lateral flexion and it 
starts from the neutral position of the patient at rest. The 
caudal section is brought into flexion distraction and then 
lateral flexion is applied in a smooth rhythmic coupled mo¬ 
tion. 

2. Stabilize the spinous process at the level to be adjusted with 
either the thumb and index finger or thenar contact as 
shown in Figures 9.26 and 9.27. 



Figure 9.32. Right thoracolumbar spine rotation applied under dis¬ 
traction using the thoracic table section. 
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Figure 9.33. Left thoracolumbar spine rotation applied under distrac¬ 
tion using the thoracic table section. 



Figure 9.34. Circumduction distraction adjustment. 


3. Figure 9.34 shows the procedure of circumduction with the 
thumb and index finger contact. 

4. Circumduction can he applied to the right and left sides sep¬ 
arately or concurrently to the right and left. Concurrent 
movement allows better comparison of right versus left mo¬ 
bility of the facet joints. Ten repetitions are performed right 
and left, clockwise or counterclockwise or both. If normal 
or hypermobility is motion palpated, stop circumduction. If 
hypomobility is motion palpated, apply the 10 repetitions, 
and again on subsequent visits, until normal or maximal 
range of motion is attained. 

Circumduction is the strongest motion that can he ap¬ 
plied by the instrument to a facet joint. It elicits normal mo¬ 
tion return of the facet joint more effectively than any other 
motion of the distraction adjustment subset. 

5. Return the table to the neutral midline position and secure 
all locks. 


Extension Range of Motion Adjustment 
(Fig. 9.35) 

1 . Release the flexion-extension lock. 

2. Contact the spinous process of the segment to be extension 
adjusted and gently apply a posterior-anterior force as the 
caudal section of the table is brought slowly into an in¬ 
creased extension position. This motion is applied 10 times 
or until return of normal, rhythmic extension is felt. 

3. Return the table to the horizontal position and secure all 
locks. 

4. Remove the ankle cuffs. 

Note: This extension adjustment can be used for compres¬ 
sion defects of the thoracic or lumbar vertebrae to establish ex¬ 
tension of a flexion deformity caused by compression defects of 
the vertebral bodies. The spinous process is held in place by the 
doctor’s thumb and index finger or thenar contact as the cau¬ 
dal section of the table is slowly brought into extension, care¬ 
fully monitoring patient comfort, and stopping if any discom¬ 
fort is elicited. 

SPECIALIZED COX 
DISTRACTION TECHNIQUES 

Side Lying Distraction Technique for 
Facet Adjusting 

Side lying techniques are used for pregnant females and for pa¬ 
tients in too much pain to lie prone. Distraction flexion adjust¬ 
ment using this technique is shown in Figure 9. 36. 

Side Lying Flexion Adjustment 

1. Patient lies on side with the pelvis on the caudal section of 
the table. Release the lateral flexion lever. 



Figure 9.35. Extension adjustment. 
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Figure 9.36. Side lying distraction flexion adjustment. 


2. The doctor contacts the spinous process with the thumb and 
index or middle finger, index finger contact above and be¬ 
low the segment to he adjusted. This contact directs the ap¬ 
plication of distraction and flexion adjustment. 

3. Lateral flexion motion of the caudal section is directed to¬ 
ward the doctor to induce flexion at the desired vertebral 
level while the doctor’s fingers sense and direct motion. The 
doctor’s right arm applies pelvic force on the patient to elicit 
flexion of the caudal section. The table is brought hack to 
neutral by the doctor’s thigh pressure. 

4. Ten repetitions are used or until a smooth, rhythmic motion 
is attained. 

Side Lying Extension Adjustment (Fig. 9.37A) 

1. The patient lies on the side with the pelvis on the caudal sec¬ 
tion of the table. Release the lateral flexion lever. 

2. The doctor contacts the spinous process as in Figure 9.36. 

3. The lateral flexion motion of the caudal section is directed 
away from the doctor to induce extension at the desired ver¬ 
tebral level while the doctor’s fingers sense and direct the 
extension motion. The doctor’s finger contact on the spin¬ 
ous process induces an anterior force as the table moves the 
patient’s spine into extension. The doctor applies pressure 
with the thigh to elicit extension with the caudal section and 
pulls against the patient’s pelvis to return the caudal section 
to the neutral position (Fig. 9.374). 

4. Ten repetitions are used or until smooth, rhythmic motion 
is attained. 

This is an excellent technique to place compression fractures 
into extension motion to reduce the hyperkyphosis formed by 
the vertebral body compression defect. It mobilizes and creates 
physiologic motion to a compromised motion segment. 

Another good technique for treating compression defects 
of the thoracolumbar spine is shown in Figure 9. 37 B. Here the 
patient lies supine with the compression defect on the lower 


thoracic section. Slow, controlled flexion of the caudal piece 
allows extension of the flexion deformed area of the spine. 
Perform the same 1 0 repetitions with careful tolerance testing 
of the patient. 

Side Lying Lateral Flexion Adjustment 
(Fig. 9.38) 

1. The patient lies on the side with the pelvis on the caudal sec¬ 
tion of the table. Release the flexion lever. 

2. The tension on the caudal section is set to the weight of the 
patient so that the table slowly returns to neutral from the 
flexed position. This affords easier adjustment control for 
the doctor during the procedure. 

3. The doctor contacts the spinous process with the thumb and 



Figure 9.37. A. Side lying distraction extension adjustment. B. Supine 
extension adjustment. 
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Figure 9.38 . Side lying distraction lateral flexion adjustment. 



Figure 9.39. Side lying distraction circumduction adjustment. 

index finger above the facet joints to be adjusted. The spin¬ 
ous process contact stabilizes the motion segment as the 
doctor moves the table into flexion and extension to elicit 
lateral flexion of the vertebral segment below it. 

4. The doctor moves the caudal section into flexion and ex¬ 
tension to patient tolerance to elicit lateral flexion move¬ 
ment to the facet joints. 

5. Ten repetitions are used or until smooth, rhythmic motion 
is attained. 

Side Lying Circumduction Adjustment 
(Fig. 9.39) 

1. The patient lies on the side with the pelvis on the caudal sec¬ 
tion of the table. Release the lateral flexion and flexion 
levers. 


2. The tension on the caudal section is set to the weight of the 
patient so that the table slowly returns to neutral from the 
flexed position. This eases adjustment stress for the doctor 
during the procedure. 

3. The doctor contacts the spinous with the thumb and index 
finger above the facet joints to be adjusted. The spinous 
process stabilizes the motion segment as the doctor moves 
the table and patients motion segment into flexion and lat¬ 
eral flexion coupled motion (circumduction). 

4. The doctor moves the caudal section into flexion and lateral 
flexion to produce circumduction motion. Patient tolerance 
is monitored. 

5. Ten repetitions are used or until smooth, rhythmic motion 
is attained. 

Scoliosis Distraction Adjustment 
(Figs. 9.40-9.42) 

1. Figure 9.40 shows the table set for treating an S-shaped tho¬ 
racolumbar scoliosis, thoracic curve right and lumbar curve 
left. The thoracic spine dextroscoliotic curve is reduced by 
using the thoracic section to remove the right posterior con¬ 
vexity. The levorotatory curve of the lumbar spine is re¬ 
duced by using the caudal section and placing it into left 
derotation. The contact hand of the doctor applies cephal- 
ward pressure over the rib hump convexity of the scoliotic 
curve in the thoracic spine while distraction is applied with 
the caudal section. 

2. Figure 9.41 shows the levorotatory lumbar scoliotic curve 
adjusted by contacting the left lumbar convexity with the 
doctor’s left hand while applying flexion distraction and left 
lateral flexion with the caudal section. 

3. Figure 9.42 is a side lying distraction adjustment into the 
convexity of a dextrorotatory thoracolumbar scoliotic 



Figure 9.40. Thoracolumbar “S” scoliosis distraction adjustment of 
the dextrorotatory thoracic component of the scoliosis. 
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Figure 9.41. Thoracolumbar U S” scoliosis distraction adjustment ot 
the levorotatory lumbar component. 





Figure 9.42. Side lying distraction adjustment for dextroscoliosis of 
the thoracolumbar spine. 


curve. The doctor contacts the paravertebral space between 
the spinous and transverse processes at the apex of the sco¬ 
liotic curve. An upward lift of the convexity of the curve is 
given by the doctor’s contact as the caudal section is taken 
into flexion. This is a leverage technique into the convexity 
of the scoliotic curve to regain motion and relieve pain. It is 
applied to patient tolerance. Flexion and extension of the 
spine can be applied with this maneuver to further the phys¬ 
iologic motion of the involved motion segments of the 
curve. Scoliotic curves often do not respond well to vector 
high velocity—low amplitude adjustments, and this tech¬ 
nique offers relief when other techniques arc too painful or 
not possible to perform. 


Sacroiliac Joint Distraction Adjustment 
(Figs. 9.43-9.45) 

1. Figure 9.43 shows positioning of the patient for correction 
of a right posterior sacroiliac joint subluxation or a left ante¬ 
rior sacroiliac joint subluxation. Note that the right posterior 
sacroiliac joint subluxation is reduced by bringing the tho¬ 
racic section of the table anterior and the caudal section pos¬ 
terior. This allows the ilium to pivot anteriorly and the is¬ 
chium to pivot posteriorly. The left anterior sacroiliac joint 
subluxation is reduced by bringing the ilium posteriorly and 
the ischium portion of the pelvis anteriorly. As the doctor ap¬ 
plies flexion to the lumbar spine, as shown in Figure 9.43, 
the sacroiliac joints are leveraged into proper alignment. 







Figure 9.43. Thoracic and caudal section setting for reducing a right 
posterior and left anterior sacroiliac subluxation. 



Figure 9.44. Vector thrust adjustment of the anterior sacroiliac joint 
subluxation with the table set for its reduction. 
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Figure 9.45. Vector thrust adjustment of the posterior sacroiliac joint 

subluxation with the table set for its reduction. 

2. Figure 9.44 shows the assisted vector thrust or posteroan- 
tcrior pressure applied to the ischium to reduce the anterior 
left sacroiliac joint subluxation. The table is in the position 
described in Figure 9.43 for the reduction of left anterior 
sacroiliac joint subluxation. 

3. Figure 9.45 shows the assisted vector thrust or postcroan- 
terior pressure applied to the posterior superior iliac spine 
and ilium on the side of posterior sacroiliac joint subluxa¬ 
tion. The table is in theposition described in Figure 9.43 for 
the reduction of right posterior sacroiliac joint subluxation. 

Spondylolisthesis Distraction Adjustment 
(Fig. 9.46) 

1. The patient lies prone with a flexion roll under the spondy¬ 
lolisthesis segment. 

2. The doctor contacts the spinous process above the level of 
spondylolisthesis (c.g., if it were an L5 spondylolisthesis, 
the doctor would contact the L4 spinous process). 

3. If the patient with spondylolisthesis has sciatica with a her¬ 
niated disc, the treatment would he with the protocol for 
the disc herniation patient described in Figures 9.22-9.25. 

4. If the spondylolisthesis patient docs not have true sciatica 
and a herniated disc, full range of motion via the protocol 
for patients without sciatica is followed as shown in Figures 
9.26 to 9.34, 9.36, 9.38, and 9.39. 

5. Note that with the flexion roll under the abdomen, the de¬ 
tractive force necessary to elicit disc or facet motion is re¬ 
duced substantially. Gentle distraction with spondylolisthe¬ 
sis patients is the ideal therapy. 

AUTOMATED DISTRACTION ADJUSTING 

In 1976, I developed the first automated flexion distraction in¬ 
strument for applying distraction adjustments (Fig. 9.47). Use 


and distribution of the instrument was stopped in 1977 because of 
lack of investigation into saf ety and use of motorized distraction. 

With Williams Healthcare Systems, Inc., I have studied the 
necessary safety and increased clinical benefits of automated 
distraction and have developed a procedure of automatic dis¬ 
traction adjusting that is applied with strict parameters for pa¬ 
tient comfort and safety. 

Benefits of Automatic Distraction Adjusting 

1. Doctor ease. In treating patients, doctor fatigue is lessened 
by mechanical assistance, which equates to improved doctor 
concentration. Stamina is used to treat and care for patients. 

2. Improved patient care. The new automated distraction as¬ 
sures consistent, rhythmic, smooth, oscillatory distraction 
to the spine and allows the doctor to concentrate entirely on 
the vertebral segment motion when applying distraction. 

3. The necessary factor is safety in using automated distraction 
and why it is superior on the Zenith-Cox instrument is dis¬ 
cussed below. 

Treatment Parameters with Automated 
Distraction Adjusting 

1. Automated distraction adjusting is never used in treating pa¬ 
tients with sciatic radiculopathy caused by intervertebral 
disc herniation. Only manual adjustment under distraction 
is used for this patient. 

2. When treating the patient without sciatic radiculopathy, 
caref ul tolerance testing is done in the same manner as with 
manual distraction. Tolerance testing is perf ormed prior to 
placing facet joints and disc into flexion and distraction 
movement. Any increased pain indicates that automated dis¬ 
traction is not to he used. 

3. Tolerance testing is perf ormed using the protocol in the 


f ^ 



Figure 9.46. Spondylolisthesis distrac tion adjustment. 
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Figure 9.47. The first Cox automated flexion distraction adjustment instrument, which was 
made in 1976. 


Cox distraction certification course taught by the National 
College of Chiropractic as outlined earlier in this chapter. 
Again, remember that this automated distraction technique 
is only used for nonsciatica patients. 

• The patient is placed into the flexion, neutral, or exten¬ 
sion angle that feels comfortable and/or relieves pain. 

• Tolerance testing is then performed. This is the same toler¬ 
ance testing done for manual use of the table. The doctor con¬ 
tacts the spinous process above the vertebral segment to be 
distracted and slowly applies automated axial distraction, first 
only using the patient’s lower extremity weight as the tractive 
force. If no pain is elicited, grasping the uninvolved lower ex¬ 
tremity at the ankle and applying axial automated distraction 
is performed. Then the involved lower extremity is tested by 
lateral tolerance. Note that in axial automated distraction test¬ 
ing, the hold time on distraction is not for 4 seconds, but only 
for the time of axial automated distraction to be delivered by 
the caudal section of the table. This varies, depending on the 
speed set by the doctor. Use a slow speed to elicit a slow dis¬ 
traction of the motion segments to be tested. Test the levels 
that are to be adjusted under distraction. 

4. Automated distraction adjustment is never applied without 
the doctor being present in the treatment room to supervise 


and apply the technique. This is not just traction. It is con¬ 
trolled distraction adjusting performed by the chiropractic 
doctor. 

Automated Distraction Adjusting Set for 
Patient Comfort 

The clinical advantage of Cox automated distraction adjust¬ 
ment is distraction applied while the clinically necessary lum¬ 
bar sagittal (flexion) angle of the instrument is set to allow pa¬ 
tient comfort. 

See Figures 9.48 to 9.59 on how to use automated distrac¬ 
tion in adjusting the lumbar spine. 

Automated Axial Distraction at a Preset 
Flexion Angle (Fig. 9.48) 

1. The patient lies prone, undergoes tolerance testing, and the 
doctor assumes the palpatory contact and treatment posi¬ 
tion for distraction for the manual technique described 
above (Figs. 9.20—9.22). 

2. The flexion angle of the table is either preset at a fixed point 
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Figure 9.48. Automated axial distraction applied at L5-S1 . 


Figure 9.49. Left lateral flexion with automated axial distraction as a 
coupled motion. 


for patient comfort, or it can be constantly altered by the 
doctor to elicit patient comfort and response. 

3. In Figure 9.48 is shown the doctor’s thenar contact on the 
spinous process of L5 as automated axial distraction is ap¬ 
plied. 

4. The speed of axial distraction is selected and altered by the 
doctor to match patient comfort and response. 

5. The limit of distraction is patient occipital extension nuta¬ 
tion, the feeling of interspinous space separation at the level 
of applied distraction adjustment, or patient comfort. 

6. Ten rhythmic, smooth, steady distractions are applied until 
normal range of motion is appreciated. Less than ten repe¬ 
titions may be used if normal range of motion is elicited ear¬ 
lier. 


Automated Axial Distraction Combined 
with Left and Right Lateral Flexion 
(Figs. 9.49 and 9.50) 

1. Using the protocol in Figure 9.48, lateral flexion is applied 
to both the right and left. 

2. The doctor can choose to couple the motions of distraction 
and lateral flexion, or place the patient in distraction, stop 
the distraction at the desired point, and apply lateral flexion. 

3. Lateral flexion is applied only to the right or left under dis¬ 
traction, or continuous right and left lateral flexion applied. 
The latter allows continuous monitoring of the equality of 
lateral flexion in both directions. This is an excellent motion 
palpation procedure. 

4. If the doctor chooses to preset the distraction force prior to 
applying lateral flexion, a switch on the handle of the table 
is pressed to stop the axial distraction at the desired limit. 

5. Ten rhythmic, smooth, steady distractions are applied until 
normal range of motion is appreciated. Less than the ten can 
be used if normal range of motion is elicited earlier. 


Figure 9.50. Right lateral flexion with automated axial distraction as 
a coupled motion. 

Eight-Finger Glide Palpation (Fig. 9.51) 

The doctor places the finger tips between the spinous processes 
to appreciate the tautness and tractioning effect on the inter- 
spinous spaces, which enables the doctor to set the limit of dis¬ 
traction as this tautness and stretch is palpated. 

Automated Axial Distraction Combined 
with Left and Right Rotation (Figs. 9.52 
and 9.53) 

1. Using the protocol in Figure 9.48, rotation is applied to 
both the right and left. 

2. The doctor can choose to couple the motions of distraction 
and rotation, or place the patient in distraction, stop the dis¬ 
traction at the desired point, and apply rotation. 
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Figure 9.51. Eight-finger glide palpation. 



Figure 9.52. Right rotation with automated axial distraction applied 

in a coupled motion. 

3. Rotation can be applied only to the right or left under dis¬ 
traction, or continuous right and left rotation applied. The 
latter allows continuous monitoring of the equality of rota¬ 
tion in both directions. This is an excellent motion palpation 
procedure. 

4. If the doctor chooses to preset the distraction force prior to 
applying rotation, a switch on the handle of the table is 
pressed to stop the axial distraction at the desired limit. 

5. Ten rhythmic, smooth, steady distractions are applied until 
normal range of motion is appreciated. Less than the ten can 
be used if normal range of motion is elicited earlier. 

Automated Axial Distraction in the 
Thoracic Spine (Fig. 9.54) 

1 . The protocol in Figure 9.48 can be applied to the thoracic 



Figure 9.53. Left rotation with automated axial distraction applied in 
a coupled motion. 



Figure 9.54. Automated axial distraction of the thoracic spine seg¬ 
ments and thoracolumbar spine below the spinal contact. 

2. Segments of the thoracic spine can be automatic axially dis¬ 
tracted as the doctor applies spinous process contact to the 
segments of the thoracic and lumbar spine. 

Foramen Magnum Pump (Fig. 9.55) 

1 . The protocol in Figure 9.48 can be applied to the full spine. 

2. The full spine is distracted by cradling the occiput in the doc¬ 
tor’s hands while automated axial distraction is slowly ap¬ 
plied to patient monitoring and tolerance. This is a sedating 
and relaxing sensation for the patient, but it must be carefully 
administered according to the protocol in Figure 48. 

3. Note that the doctor has both treating hands on the patient’s 
cervical spine. This can be done because the foot switch on 
the floor allows automated axial distraction administration 
without using one hand to press on the handle switch. 
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Automated Axial Distraction for Scoliosis 
(Figs. 9.56 and 9.57) 

1. Following the protocol in Figure 9.48, automated axial dis¬ 
traction can he used in patients with scoliosis. 

2. Figure 9.56 shows thoracic dextroscoliosis being automated 
axially distracted. Note the table is set to the reduction of the 
curve as described under manual distraction in Figure 9.40. 

3. Figure 9.57 shows application of the foramen magnum 
pump (Fig. 9.55) for the treatment of scoliosis. Note that 
the thoracic and lumbar components of the scoliotic curve 
are reduced by the rotation sections on the thoracic and 
lumbar parts of the table as shown in Figure 9.40. 

4. This allows full spine distraction of the scoliotic spine as the 
convexity of the curves are derotated. It proves sedating to 
scoliotic patients when applied to patient tolerance. 


Automated Axial Distraction with Bilateral 
Hand Contact of the Spine (Fig. 9.58) 

1. The foot switch is used instead of the pressure button on the 
handle to allow both of the doctor’s hands to apply auto¬ 
mated axial distraction. 

2. Following the protocol of Figure 9.48, both hands are used 
to apply the automated axial distraction. 

3. This technique allows the doctor more control o f the verte¬ 
bral motion segment by bilaterally contacting the arch of the 
vertebra. Vector direction of the doctor’s cephalward force, 
either laterally or inferiorly, is possible with this two- 
handed distraction adjustment. 


Figure 9.57. Foramen magnum pump applied with automated axial 
distraction for the treatment of scoliosis. Note the reduced spinal con¬ 
vexities with the table sections prior to distraction. 


Figure 9.55. Foramen magnum pump administered with automated 
axial distraction. 


Figure 9.56. Automated axial distraction to the thoracic spine for sco¬ 
liosis adjustment. 


Figure 9.58. Automated axial distraction with both of the doctor's 
hands available to deliver the adjustment. 
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Automated Axial Distraction Vector Thrust 
Adjustment (Fig. 9.59) 

1. As in Figure 9.58, the doctor can apply posteroanterior vec¬ 
tor low amplitude, high velocity adjustments to the verte¬ 
bral segments while automated axial distraction is applied to 
the segment. Hold the torque contact while automated ax¬ 
ial distraction is delivered to the spine at the doctor’s hand 
contact. Often this gentle distraction produces cavitation of 
the joints. It is a gentle way to adjust individual motion seg¬ 
ments, especially those at the site of degenerative disc or 
facet disease. 

2. Automated axial distraction can make hypomobile or fixated 
segments easier to cavitate. It allows physiologic motion to 
he applied to the spine in preparation for the vector type of 
adjustment. For many patients, this makes the adjustment 
less discomforting. 

3. Adjustment of the vertebral motion segment under distrac¬ 
tion is an exciting part of progressive chiropractic proce¬ 
dures. 

OUTCOME MEASURES OF 1000 CASES 
STUDIED USING CHIROPRACTIC 
DISTRACTION ADJUSTMENT 

It is incumbent on chiropractors to rely on meaningful patient 
outcomes to determine the patient’s health disposition clini¬ 
cally or generally. Procedures in chiropractic must document 
worthwhile change in functional health status such as quality 
of life, activities of daily living, return to work, or economic 
efficiency (116). As the technique of chiropractic distrac¬ 
tion adjusting has evolved to the extent described above, so 
too has the interest in research results stemming from its uti¬ 
lization. 



Figure 9.59. Vector thrust adjustment administered under automated 
axial distraction. 


Objective 

Study of clinical efficacy of Cox Distraction Adjusting, as with 
any technique, is confronted with the ethical considerations of 
comparing care with no care. Paterson addressed the problem 
of conducting such clinical controlled trials: 

“In a survey of personal practice, where measurement of criteria is largely un¬ 
attainable, and where subjective impressionsform the very basis of assessment 
of pain and altered sensation, it is inappropriate to attempt anything in the 
nature of a controlled trial. In particular is this so when attempting to demon¬ 
strate the efficacy of a mode of therapy compared with regimes and treatments 
totally dissimilar: the essence of the controlled trial lies in the comparison oj 
basically similar variables. Clearly it would he ethically quite unacceptable to 
offer manipulative therapy to one patient with pain of mechanical origin, in 
the reasonable expectation of rapid relicj, while sending another to bed to lan¬ 
guish there quite unnecessarily, the choice being made on numerical labeling 
rather than on clinical grounds. For this reason this paper is presented as a 
simple series, relying upon numbers to merit significance'’ (114). 

With this dilemma in mind, I set out to collect data on as many 
consecutive cases as possible without predetermination of who 
may respond positively to this manipulative therapy. I certainly 
acknowledge that this study lacks a randomized clinical trial 
regimen, but was an attempt to document with available re¬ 
sources, the clinical outcomes being obtained in chiropractic 
clinical practices. 

Method 

The 1000 cases presented were compiled from two separate 
but identical data collection studies published in 1984 and 
1994, respectively. For the compiled 1000 cases studied, 30 
chiropractic physicians used an identical six-page examination 
form (available from the author) and collected data on at least 
20 consecutive low back pain patients who sought their care. 
The chiropractors involved in the study used distraction ad¬ 
justments as the primary technique in 92% of the cases treated. 
Additionally, adjunctive modalities such as electrical stimula¬ 
tion, massage, hot/cold therapy, trigger point therapy, and 
bracing were administered. 

Results 

Prior to viewing the data, it is imperative to understand the 
stages of low back pain—acute, subacute, and chronic—and 
that less than 20% of back pain sufferers usually progress to the 
third, chronic, stage. Pain duration of less than 6 weeks is clas¬ 
sified as acute; that lasting 1 2 weeks is subacute; and thereafter 
it is defined as chronic if symptoms persist (115). Within 6 
weeks 80 to 90% of low back pain attacks will resolve (115). 
In this 1000-case compilation, it was found that following the 
algorithms shown earlier in this chapter used in making deci¬ 
sions to the management of the low back pain patients using 
Cox Distraction Protocols accordingly, only 8.7% of patients 
progressed to the chronic stage of pain (Table 9.1). 

Maximal improvement with Cox Distraction Adjusting is 
defined as 3 months of conservative care, re-establishment of 
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Table 9.t 


Days to Maximal Improvement Under Chiropractic Care 

No. of Days to Maximal Improvement 


Condition 

10 or fewer 

11-20 

21-30 

31-45 

46-60 

61-90 

91+ 

Discogcnic spondyloarthrosis 

Level L4 

27 

27 

39 

24 

11 

25 

11 

(164 cases) 

16.5% 

16.4% 

23.8% 

14.6% 

6.7% 

15.3% 

6.7% 

Level L5 

58 

39 

54 

37 

20 

31 

18 

(257 cases) 

22.6% 

15.1% 

21.1% 

14.4% 

7.7% 

12.1% 

7.0% 

Disc protrusion 

Level L4 

7 

16 

1 1 

16 

9 

15 

15 

(89 cases) 

7.9% 

17.9% 

12.4% 

18.0% 

10.1% 

16.8% 

16.9% 

Level L5 

11 

17 

25 

19 

9 

17 

12 

(110 cases) 

10.0% 

15.5% 

22.7% 

17.3% 

8.1% 

15.5% 

10.9% 

L-5 transitional segment 

Level L5 

7 

3 

6 

8 

2 

5 

3 

(34 cases) 

20.6% 

8.8% 

17.7% 

23.5% 

5.9% 

14.7% 

8.8% 

Lumbar spine sprain/strain 

Level L4 

12 

11 

1 1 

5 

4 

6 

2 

(51 cases) 

23.5% 

21.6% 

21.6% 

9.8% 

7.8% 

11.8% 

3.9% 

Level L5 

27 

20 

21 

13 

7 

14 

3 

(105 cases) 

25.7% 

19.1% 

20.0% 

12.3% 

6.7% 

13.3% 

2.9% 

Facet syndrome 

Level L4 

26 

19 

24 

24 

10 

22 

14 

(1 39 cases) 

18.7% 

13.7% 

17.2% 

17.3% 

7.2% 

15.8% 

10.1% 

Level L5 

66 

65 

66 

50 

25 

42 

34 

(348 cases) 

19.0% 

18.6% 

19.0% 

14.4% 

7.2% 

12.0% 

9.8% 

Spondylolisthesis 

Level L4 

4 

2 

4 

8 

2 

7 

l 

(28 cases) 

14.3% 

7.1% 

14.3% 

28.6% 

7.1% 

25.0% 

3.6% 

Level L5 

8 

5 

5 

2 

3 

4 

2 

(29 cases) 

27.6% 

17.2% 

17.3% 

6.9% 

10.3% 

1 3.8% 

6.9% 

Overall average for all 
conditions 

All conditions 

153 

138 

153 

110 

65 

105 

69 

(793 cases) 

19.3% 

17.4% 

19.3% 

13.9% 

8.2% 

13.2% 

8.7% 


(Reprinted with permission from Cox JM, Feller J, Cox-Cid J. Distraction chiropractic adjusting: clinical application and outcomes of 1000 cases. Topics in 
Clinical Chiropractic 1996; 3( 3):45-59. Copyright 1996, Aspen Publishers, Inc.) 

Average no. of (lavs to maximal improvement — 29. 


the preinjury state, or 100% relief of pain. The mean number 
of clays to maximal improvement is 29 (Table 9.1), and num¬ 
ber of treatments to maximal improvement is 12 (Table 9.2). 
Overall patient response to care was 70.7% good to excellent 
(Table 9.3). 

Table 9.4shows patient response to care by diagnosis. Lum¬ 
bar sprain or strain at L4 and L5 was highest in the good to ex¬ 
cellent responses—83.1 and 83.5%, respectively. Disc herni¬ 
ation at L4 and L5 responses produced 60.7 and 65.8% good 
to excellent responses, respectively. Only spondylolisthesis at 
L4 had lower good to excellent responses, 58.8%. 

Many factions—patients, insurance companies, doctors, 


employers—are concerned with the number of days and visits 
it will take to help the patient. Preventing a patient from mov¬ 
ing into the chronic phase, more than 3 months or 90 days of 
care, is critical. By condition, disc herniation has the greatest 
chance of becoming chronic (14%), and facet syndrome is sec¬ 
ond, 10% (Table 9.5). Overall, 9% of patients required care 
for more than 90 days (Table 9.5). 

As to the number of visits required to reach maximal im¬ 
provement, L4 disc herniation leads the list: 56% of L4 herni¬ 
ations required more than 20 visits and 5 5% of patients with L4 
spondylolisthesis required more than 20 visits (Table 9.6). 
Overall, 29% of patients required more than 20 visits, and 17% 





Table 9.2 


Treatments to Maximal Improvement Under Chiropractic Care 

No. of Treatments to Maximal Improvement 


Condition 10 or fewer 

11-20 

21-30 

31-40 

41-50 

51-60 

61-80 

81-100 

101+ 

Discogenic spondyloarthrosis 
Level L4 

61 

57 

19 

10 

10 

3 

3 


3 

(166 cases) 

36.7% 

34.4% 

11.4% 

6.1% 

6.0% 

1.8% 

1.8% 


1.8% 

Level L5 

1 12 

76 

27 

17 

11 

5 

8 


4 

(260 cases) 

43.1% 

29.2% 

10.4% 

6.5% 

4.3% 

1.9% 

3.1% 


1.5% 

Disc protrusion 

Level L4 

17 

22 

23 

4 

6 

6 

6 

1 

4 

(89 cases) 

19.1% 

24.7% 

25.9% 

4.5% 

6.7% 

6.7% 

6.8% 

1.1% 

4.5% 

Level L5 

35 

36 

7 

9 

9 

3 

6 

3 

3 

(111 cases) 

31.5% 

32.5% 

6.3% 

8.1% 

8.1% 

2.7% 

5.4% 

2.7% 

2.7% 

L5 transitional segment 

Level L5 

13 

10 

8 


1 

1 




(33 cases) 

39.4% 

30.3% 

24.2% 


3.1% 

3.0% 




Lumbar spine sprain/strain 

Level L4 

27 

16 

4 

2 

1 

1 




(51 cases) 

52.9% 

31.4% 

7.9% 

3.9% 

1.9% 

2.0% 




Level L5 

57 

34 

6 

2 

3 

1 

2 



(105 cases) 

54.3% 

32.4% 

5.7% 

1.9% 

2.8% 

1.0% 

1.9% 



Facet syndrome 

Level L4 

63 

34 

17 

9 

7 

2 

3 

2 

3 

(140 cases) 

45.0% 

24.3% 

12.1% 

6.5% 

5.0% 

1.4% 

2.1% 

1.5% 

2.1% 

Level L5 

152 

93 

36 

24 

15 

8 

10 

3 

6 

(347 cases) 

43.8% 

26.8% 

10.4% 

6.9% 

4.3% 

2.3% 

2.9% 

0.9% 

1.7% 

Spondylolisthesis 










Level L4 

7 

6 

7 

4 

2 



1 

2 

(29 cases) 

24.1% 

20.7% 

24.2% 

1 3.8% 

6.9% 



3.4% 

6.9% 

Level L5 

14 

8 

5 

2 





1 

(30 cases) 

46.7% 

2 6.6% 

16.7% 

6.7% 





3.3% 

Overall average for all conditions 
All conditions 

338 

224 

99 

45 

34 

14 

19 

7 

13 

(793 cases) 

42.6% 

28.3% 

12.5% 

5.6% 

4.3% 

1.8% 

2.4% 

0.9% 

1.6% 


(Reprinted with permission from Cox JM, Feller J, Cox-Citl J. Distraction chiropractic adjusting: clinical application and outcomes of 1000 cases. Topics in 
Clinical Chiropractic 1 996;3(3):45— 59. Copyright 1996, Aspen Publishers, Inc.) 

Average no. of treatments to maximal improvement = 12. 


1 

1 



Overall Patient Resp 

onse Regardless of 

! Diagnosis (n 

= 977) 




No. of 

Percent 

Cumulative 

Response 

Patients 

of Total 

Total Score (%) 

Excellent 

460 

47.1 

47.1 

Very good 

134 

13.7 

60.8 

Good 

97 

9.9 

70.7 

Fair 

72 

7.4 

78.1 

Poor 

40 

4.1 

82.2 

Surgery 

34 

3.5 

85.7 

Stop, no start 

104 

10.6 

96.3 

Exam, not treated 

36 

3.7 

100.0 


(Reprinted with permission from Cox JM, Feller J, Cox-Cid J. Distraction 
chiropractic adjusting: clinical application and outcomes of 1000 cases. 
Topics in Clinical Chiropractic 1 996; 3( 3):45— 59. Copyright 1996, Aspen 
Publishers, Inc.) 
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Table 9.5 


Days to Maximal Improvement Under 
Chiropractic Care (n = 1000) 

Fewer Than More Than 


Condition 

90 Days (%) 

90 Days (%) 

Discogenic spondylosis 

93 

7 

Disc herniation 

86 

14 

Sprain/ strain 

91 

9 

Transitional segment 

93 

7 

Facet syndrome 

90 

10 

Spondylolisthesis 

95 

5 

All conditions 

91 

9 


(Reprinted with permission from Cox JM, Feller J, Cox-Cid J. Distraction 
chiropractic adjusting: clinical application and outcomes of 1000 cases. 
Topics in Clinical Chiropractic 1 996;3(3):45 59. Copyright 1996, Aspen 
Publishers, Inc.) 


Table 9.6 


Treatments for Maximal Improvement 


1 Under Chiropractic Care (n 

= 1000) 


More Than 

More Than 

Condition 

20 Visits (%) 

30 Visits (%) 

Discogenic spondylosis 

28 

17 

Disc herniation 

L-4-56 

L-4-30 


L-5-36 

L-5-30 

Sprain/ strain 

29 

8 

Transitional segment 

30 

6 

Facet syndrome 

L-4-31 

L-4-19 


L-5-30 

L- 5—19 

Spondylolisthesis 

L-4-55 

L-4- 31 


L-5-27 

L-5 10 

All conditions 

29 

17 


(Reprinted with permission from Cox JM , Feller J, Cox-Cid J. Distraction 
chiropractic adjusting: clinical application and outcomes of 1000 cases. 
Topics in Clinical Chiropractic 1 996;3 (3):45 59. Copyright 1996, Aspen 
Publishers, Inc.) 




Low Back Pain 


Table 9.7 


Days and Treatments to Maximal Improvement of L4 Discogenic 

Spondyloarthrosis Diagnosis 


L4 DISCOGENIC SPONDYLOARTHROSIS 

1000 CASE STUDY 


100% 


80% 


60% 


40% 


20% 


24% 


16% 


15% 


15% 


1 TO 10 


11TO20 


21 TO 30 


31 TO 45 


46 TO 60 61 TO 90 


OVER 90 


DAYS TO REACH MAXIMAL IMPROVEMENT 
(164 CASES) 


L4 DISCOGENIC SPONDYLOARTHROSIS 

1000 CASE STUDY 


37% 



NUMBER OF TREATMENTS TO REACH MAXIMAL IMPROVEMENT 

(166 CASES) 


(Reprinted with permission from Cox JM, Feller J, Cox-Cid J. Distraction chiropractic adjusting: clinical 
application and outcomes of 1000 cases. Topics in Clinical Chiropractic 1996;3(3):45—59. Copyright 1996, 
Aspen Publishers, Inc.) 
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Table 9.8 


Days and Treatments to Maximal Improvement of L5 Discogenic 

Spondyloarthrosis Diagnosis 



(Reprinted with permission from Cox JM, Feller J, Cox-Citl J. Distraction chiropractic adjusting: clinical 
application and outcomes of 1000 cases. Topics in Clinical Chiropractic 1 996;3(3):45—59. Copyright 1996, 
Aspen Publishers, Inc.) 
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L4FACET SYNDROME 
1000 CASE STUDY 


100% 


80% 


60% 


40% 


Table 9.9 


turn] 


20% 


19% 


14% 


17% 


17% 


16% 


10 % 


1 TO 10 11 TO 20 21 TO 30 31 TO 45 46 TO 60 61 TO 90 OVER 90 

DAYS TO REACH MAXIMAL IMPROVEMENT 

(139 CASES) 


L4FACET SYNDROME 
1000 CASE STUDY 
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Low Back Pain 



Days and Treatments to Maximal Improvement of L4 Sprain/Strain Diagnosis 



(Reprinted with permission from Cox JM, Feller J, Cox-Cid J. Distraction chiropractic adjusting: clinical 
application and outcomes of 1000 cases. Topics in Clinical Chiropractic 1 996;3(3):45—59. Copyright 1996, 
Aspen Publishers, Inc.) 
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Table 9.16 


and Treatments to Maximal Improvement of L5 Sprain/Strain Diagnosis 


L5 LUMBAR SPINE SPRAIN AND STRAIN 

1000 CASE STUDY 


100 % 


80% 


60% 


40% 


20% 



1 T010 11TO20 21TO30 31 T045 46TO60 61 TO90 OVER90 

DAYS TO REACH MAXIMAL IMPROVEMENT 
(105 CASES) 



(Reprinted with permission from Cox JM, Feller J, Cox-Cid J. Distraction chiropractic adjusting: clinical 
application and outcomes of 1000 cases. Topics in Clinical Chiropractic 1 996;3(3):45 59. Copyright 1996, 
Aspen Publishers, Inc.) 
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Days and Treatments to Maximal Improvement of L5 Transitional 

Segment Diagnosis 



(Reprinted with permission from Cox JM, Feller J, Cox-Cid J. Distraction chiropractic adjusting: clinical 
application and outcomes of 1000 cases. To, )ics in Clinical Chiropractic 1996;3(3):45—59. Copyright 1996, 
Aspen Publishers, Inc.) 
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Table 9,18 


Days and Treatments to Maximal Improvement Regardless of the Diagnosis 



1 TO 10 


11 TO 20 


21 TO 30 31 TO 45 46 TO 60 

DAYS TO REACH MAXIMAL IMPROVEMENT 
(793 CASES) 


100 % 


80% 


60% 


40% 


20% 


1 TO 
10 


NUMBER OF TREATMENTS TO REACH MAXIMUM 

IMPROVEMENT 
1000 CASE STUDY 



11 TO 
20 


21 TO 
30 


31 TO 
40 


41 TO 
50 


51 TO 
60 


61 TO 
80 


81 TO 
100 


NUMBER OF TREATMENTS TO REACH MAXIMAL IMPROVEMENT 

(793 CASES) 


OVER 

100 


(Reprinted with permission from Cox JM, Feller J, Cox-Cid J. Distraction chiropractic adjusting: clinical 
application and outcomes of 1000 cases. Topics in Clinical Chiropractic 1 996;3(3):45 59. Copyright 1996, 
Aspen Publishers, Inc.) 
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required more than 30 visits in this study (Table 9.6). A small 
percentage of patients do respond positively to chiropractic 
care, but they may require more than 40, 50, 60, or even 100 
visits (Table 9.2). All involved—patient, family, employer, in¬ 
surance company, doctor—must understand that every pa¬ 
tient’s condition is unique, and the treatment regimen must be 
just as individualized. Not every condition will respond in the 
mean 1 2 visits in 29 days. 

Tables 9.7 to 9.18 are graphs of specific diagnoses of low 
back pain patients showing the number of days and treatments 
for each condition to attain maximal improvement. 
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PRE- AND POSTDISTRACTION 
ADJUSTMENT CARE 

Acupressure and Trigger Point Therapy 
(Fig. 9.60) 

A deep goading pressure is applied as shown in Figures 9.61 and 
9.62 in preparation for distraction. The goading pressure is ap¬ 
plied over the paravertebral areas of the upper lumbar spine 
through the coccyx. These areas coincide with bladder merid¬ 
ian points B24 through B35 at the coccyx. 

Goading is then applied into the belly of the gluteus max- 
imus muscle (Fig. 9.63). Further information on the treatment 
of this muscle is given in Figure 9.1 10. The gluteus maximus is 
supplied by the inferior gluteal nerve, which has a common 
spinal origin with the sciatic nerve. The pain and spasm of the 
gluteus maximus muscle will recede as the disc lesion heals and 
the sciatic nerve is relieved. Therefore, a deep goading pres¬ 
sure is placed into the belly of this muscle for 1 5 to 20 seconds 
both before and after treatment. The relaxation and loss of pain 
in this muscle is an indicator of patient response. 

Next, the gluteus medius and minimus muscles are goaded 
(Fig. 9.64) at their origin and insertion prior to distraction. 
These abductor muscles of the lower extremity are painful 
when palpated and they are usually weak in muscle testing. 

Bladder meridian point B54 in the popliteal space is goaded 


nerve fibers of slowest conduction velocity. Am J Physiol 1935; 
114:69-76. 

105. Lindblom D, Rexed B. Spinal nerve injury in dorsolateral protru¬ 
sions of lumbar discs. J Neurosurg 1948; 5:41 3—432. 

106. Kikuchi S, Katsuhiko S, Konno S, ctal. Anatomic and radiographic 
study of dorsal root ganglia. Spine 1994; 19(1): 6— 1 1. 

107. Macnab 1. The mechanism of spondylogenic pain. In: Hirsch C, 
Zotterman Y, eds. Cervical pain. New York: Pergamon Press, 
1972; 89-9 5. 

108. Rytlevik B, Brown MD, EhiraT, et al. Effects of graded compres¬ 
sion and nucleus pulposus on nerve tissue: an experimental study 
in rabbits. In: Proceedings of the Swetlish Orthopaedic Association, 
Gotebcrg, Sweden, August 27, 1982;52:670-671. 

109. Gudavalli MR, Triano JJ. The effects of combined motion on the 
posterior ligaments of the lumbar spine. Journal of Ncuromuscu- 
loskeletal Systems 1997;5(4). 

1 10. Saal J. Nonoperative treatment of herniated lumbar intervertebral 
disc with radiculopathy: an outcome study. Spine 1989; 14:431 — 
437. 

111. Andcrsson GBJ, Schultz AB, Nachemson AL. Intervertebral disc 
pressures during traction. Scant! J Rehabil Suppl 198 3;9:88-91. 

112. Hirschberg GG. Treating lumbar disc lesion by prolonged contin¬ 
uous reduction of intradiscal pressure. Tex Med 1974;70:58-68. 

1 1 3. Nelson DL. Assuring quality in the delivery of passive and active 
care. Topics in Clinical Chiropractic 1994; 1 (4): 20—29. 

114. Paterson JK. A survey of musculoskeletal problems in general prac¬ 
tice. Manual Medicine 1987;3:40-48. 

115. Wheeler AH, Hanley EN. Nonoperative treatment for low back 
pain: rest to restoration. Spine 1995;20( 3): 375—378. 

116. Hansen DT. Determining how much care to give and reporting pa¬ 
tient progress. Topics in Clinical Chiropractic 1994;! (4): 1 — 8. 


vigorously for 1 5 to 20 seconds (Fig. 9.65). This point is used 
in acupuncture to relieve sciatic pain. 

Goading of the adductores and gracilis muscles at their ori¬ 
gins and insertions is shown in Figures 9.66 and 9.67. These 
muscles are supplied by the obturator nerve from the second, 
third, and fourth lumbar nerve roots. They are extremely tight 
and painful in the patient with a disc lesion. These muscles are 
also discussed in a later chapter on muscle treatment. 

Acupuncture Meridian Tracing 

Identification of acupuncture points and meridians was re¬ 
ported by observing the migration of a radioactive tracer, 
99my c i n j ec ted subcutaneously in a volume of 0.5 mL using a 
hypodermic needle of 0.5 mm, at an average depth of 3 to 5 
mm. When the injection is made at an acupuncture point, the 
migration shows the following characteristics; It begins after a 
mean delay of 2 minutes after injection; it is carried out from 
the very first injection site along an axial course immediately 
visible on the control screen; and, using a probe with a ra¬ 
dioactive tip, the observed course is followed through different 
reference points with a line traced on the skin that corresponds 
to the acupuncture meridian at a point where the technetium 
was injected. The 1 2 classically described meridians have been 
noted by Darras et al. (1). 


Chapter 9 Biomechanics, Adjustment Procedures, Ancillary Therapies, and Clinical Outcomes of Cox Distraction Technique 329 


ACUPRESSURE POINTS OF 
CONTROL OF SCIATICA 



S2—a! me irHemai surface ol the 
btq 1W, proximal to the t&l m<Ma 
farsophalangeal joint 


B65—proximal to the 5th 

metatarsophalangeal 

joint, on the outside of the foot. 


—second most effective 
point in controlling the pain 
of sciatica. Located on the 
sole of the foot midway in the 
space between the 3rd 
and 4th metatarsal 
bones. 


G40—on the anteroextemal 
aspect of the foot in the center ol 
calcaneocuboid articulation 




Figure 9.62. Deep pressure is applied with an instrument for case of 
application. 



Figure 9.60. 


Acupressure point therapy for sciatica. 


Figure 9.63. Gluteus maximum B49 acupressure point being goaded. 



Figure 9.61. Paravertebral bladder meridian acupressure points being 
goaded. 


Figure 9.64. Abductor muscle origin and insertion pressure applied. 
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Figure 9.65. Bladder meridian point B54 being goaded. 



Figure 9.67. Pressure goading of the adductor and gracilis insertions. 


ELECTRICAL STIMULATION 

Positive Galvanic and Tetanizing Currents 

Following distraction manipulation, the muscles and acupres¬ 
sure points shown in the section on acupressure and trigger 
point therapy (Fig. 9.60) are treated again. 

Physical therapy in the form of positive galvanic current and 
hot and cold therapy is applied to the involved disc and acu¬ 
pressure points, as shown in Figures 9.68 through 9.71. One 
positive pad is placed directly over the disc protrusion with the 
negative pad next to it, and the other positive pad can he placed 
on the gluteal region to sedate the sciatic nerve there, or it can 
he placed over B54 in the popliteal space with the negative pad 
opposite to it (Figure 9.72). The benefits of galvanic current 
are given as follows. 

Galvanism is a continuous, waveless, unidirectional current 
of low voltage commercially called “direct current. ” Galvanic 
current is decidedly chemical in action and, as it passes through 
the body, it breaks up some of the molecules it encounters into 
their component atoms or ions as they are more properly 
called. All ions have cither a positive or negative electric charge 
and attract or repel each other, with like charges repelling and 
unlike charges attracting. When two dissimilar ions unite, a 
neutral molecule is formed, hut when the galvanic current 



Figure 9.68. Positive galvanism is applied to the disc as the patient lies 
prone. 



Figure 9.69. Positive galvanism is applied to the disc as the patient lies 
on the side. 
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Application Rules 

1. Caution should he used to prevent galvanic burns. 

2. Never dispute the patient. If he or she complains, investi- 

3. Be careful with paralyzed patients. 

4. Avoid shocks. 

5. See that the pads are properly placed ( i.c., active and in¬ 
different). 

6. See that the intensity control is completely turned off be¬ 
fore placing the pads. 

7. Do not place or remove the pads while the instrument is 
running. 

8. Be sure to have pads thoroughly moist hut not dripping wet. 

9. Turn current on and off slowly. 

10. Have the patient remove sufficient clothing for exposure 
and protect the remainder from getting damp. 

1 1. Never change poles while the current is flowing, except 
when testing. 

12. Protect scars or wounds. 

Remember: Positive ions arc driven in under the positive 

pole. Negative ions are driven in under the negative pole. 




Figure 9.72. Positive galvanism being applied. 


Figure 9.71. Cryotherapy is applied to the low back as galvanic or 
tetanizing currents arc applied. 

breaks this union, the original positive and negative ions are lib¬ 
erated. Table 9.19 outlines the action produced at the respec¬ 
tive poles. 

The active pole, either positive or negative, is the one that 
produces the effects desired. The other is the inactive or indif¬ 
ferent pole. The active pole should he the smaller in order to 
concentrate the current locally and thus intensify the action. 

The number of milliamperes to he used depends on the 
smoothness of the current and the susceptibility of the patient, 
with from 5 to 20 mA being the average. Treatment length is 
determined by the milliamperes used, with from 5 to 1 5 min¬ 
utes usually being sufficient time for application of the current. 


Table 9.19 


I Actions Produced by Galvanic Current 

Positive Negative 


Attracts acids 

Attracts alkali 

Repels alkali 

Repels acid 

Hardens tissue 

Softens tissue 

Contracts tissue 

Dilates tissue 

Stops hemorrhage 

Increases hemorrhage 

Diminishes congestion 

Increases congestion 

Sedative 

Stimulating 

Relieves pain in acute conditions 

Reduces pain in chronic 

due to reduction of congestion. 

conditions due to soft- 

If scar is formed, it is 

ening of tissues and in- 

hard and firm. 

crease of circulation. 

If scar is formed, it is 
soft and pliable. 
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Polarity 

The most important feature of the galvanic current is its polarity, 
with each pole having distinctive attributes and, consequently, 
being productive of certain specifically definite therapeutic ef¬ 
fects. The action of one pole is opposed to that of the other. Po¬ 
larity must be well understood. The direct current (DC) de¬ 
composes liquid as it passes through it. This decomposing of a 
liquid by an electric current is termed “electrophoresis.” The liq¬ 
uid decomposed is the “electrolyte,” and the parts of the sepa¬ 
rated electrolyte arc the “ions.” The current enters the electrode 
by the anode (positive pole) and leaves by the cathode (negative pole). 

There are positive ions and negative ions. Those ions possess¬ 
ing an excess negative charge arc termed “electronegative,” and 
those possessing an excess positive charge are termed “elec¬ 
tropositive.” It is a universal law of electrical physics that like 
poles repel and unlike poles attract; therefore, negative ions 
travel toward the positive pole and positive ions travel toward the 
negative pole. Oxygen, being electronegative, is repelled from 
the negative pole and forms at the positive pole; hydrogen, being 
electropositive, is repelled from the positive pole and collects at 
the negative pole. Consequently, when we treat a pain, we use 
the positive pole over the seat of pain because the positive pole is 
a sedative and is acidic in reaction. We desire this reaction be¬ 
cause where pain exists, an alkaline reaction occurs, and by using 
the positive pole the alkalinity is driven toward the negative pole. 

The slogan for pain is positive pole; however, there are ex¬ 
ceptions. For instance, if inflammation has been sufficiently 
prolonged to cause distinct organic tissue changes (Hbrosus, ad¬ 
hesions) that, in turn, causes pain on motion of the parts in¬ 
volved, the negative pole is used because of its liquefying and va- 
sodilative properties. 

Electrode Application 

The active electrode is always the smaller of the two elec¬ 
trodes; the opposite electrode is known as the indifferent elec¬ 
trode, and it should be placed as nearly opposite to the active 
electrode as possible. The indifferent electrode is usually a 
well-moistened pad. 

Electrodes must be secured or held in contact with the pa¬ 
tient before the instrument is turned on and current is allowed 
to flow. Also, contact between the patient and the electrode 
must not be broken while the current is flowing. Lastly, the 
current must not be turned off until it has been reduced to 
zero; otherwise the patient will receive a shock. 

Low Volt Galvanic Principles in Treating 
Low Back Pain 

Low voltage galvanism is a highly effective and dependable 
modality that has broLight about favorable clinical results after 
other therapies have failed. Lailure of its widespread use is 
based on three things: 

1. The existing literature on it is not extensive. 

2. Confusion over the many possible variations of the low volt 

currents. 


3. It demands more user attention to detail than other 

devices (2). 

Application of Tetanizing Current 

Ligurc 9.73 shows the application of tetanizing current. Lor 
muscle spasm, we use tetanizing current to the paravertebral 
muscles to create relaxation and positive galvanism to relieve 
pain and release myofascial inflammation. 

Some patients are in too much pain to lie on their abdomen 
when treatment or therapy is being applied. We have these pa¬ 
tients lie on their sides and apply the therapy as shown in Fig¬ 
ure 9.74. The tetanizing current is applied and the hydrocola- 
tor or cryotherapy applied over it, with straps holding the packs 
in place. In clinical practice, we use alternating hot and cold 
therapies consisting of 10 to 1 5 minutes of heat followed by 5 
to 10 minutes of ice, using three or four heat sessions with two 
or three ice sessions in between. Always begin and end with the 
heat, as this tends to leave the patient more relaxed. 

Analgesic liniment is massaged into the lumbar spine par¬ 
avertebral muscles, with emphasis on the acupressure bladder 
meridian points from the second lumbar paravertebral area, 
between the transverse and spinous processes, to the coccyx, 
which is bladder point B35 (Fig. 9.75). 



Figure 9.73. Application of electrical stimulation following manipu¬ 
lation. 



Figure 9.74. When in too much pain to lie on the abdomen, the pa¬ 
tient may lie on the side and have therapy applied. 
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Figure 9.75. Massage of acupressure points. 


Caring for the Patient If Testing Elicits Pain 

The most common condition in which pain is elicited on test¬ 
ing for tolerance to flexion distraction is the acute disc lesion in 
which the patient has sciatica. Second most common, in my ex¬ 
perience, is pain in acute lumbago conditions in which severe 
muscle spasm and forward flexion of the lumbar spine are seen. 
When this negative reaction to the use of flexion distraction is 
found, the following treatment program is recommended: Ap¬ 
ply positive galvanic current through the involved disc and par¬ 
avertebral muscles for 1 5 minutes, as shown in Figure 9.68. If 
the patient is in too much pain to lie on the stomach, he or she 
may lie on the side, as shown in Figure 9.69, while the therapy 
is applied. During this 1 5-minute period, moist heat is applied 
to the low hack and pelvis into the thigh over the course of the 
painful sciatic nerve (Figure 9.70). Following the heat applica¬ 
tion, remove the heat and place cold packs over the same area, 
as shown in Figure 9.71. Often, if severe spasm of the par¬ 
avertebral muscles is found, tetanizing current is applied to the 
muscles while the ice is applied for relief of spasm and swelling. 
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BRACING 

Bracing is recommended in patients with herniated lumbar 
discs with radiculopathy, instability (defined in the chapter on 
facet syndrome), degenerative spondylolisthesis, and severe 
low hack pain. As the patient attains 50% relief of leg pain and 
low hack pain brace use is reduced to 50% of the time and dis¬ 
continued when another 50% relief is attained. During brace 
use, the patient performs Cox exercises at home and the pa¬ 


tient is encouraged to actively participate in rehabilitation, 
both in the clinic and at home. Recommended is the use of 
the wobble hoard, extension exercises on office machines, 
and other exercises to gain flexibility and strength as relief 
allows. 

Clinical Bracing Principles 

Proposed Clinical Objectives of Spinal Braces (1) 

• Protection of injured tissues to improve healing 

• Protection of spinal cord and nerve roots after unstable 
fracture or dislocation 

• Decrease pain 

• Prophylaxis against rcinjury or new injury 

• Correction of spinal deformity 

• Facilitate early reactivation after hack injury 

Mechanical Principles of Spinal Orthotics 

• Three-point fixation with sensory feedback 

• Indirect transfer of load 

• Direct transfer of load 

• Insulation 

• Stored energy 

Orthotics Effects on Spinal Biomechanics 

• Restriction of motion (gross motion versus intersegmen- 
tal) (1, 2) 

• Influence posture 

• Redistribution of load within a segment 

• Decrease total spinal load 

• Change of temperature of the superficial structures of the 
trunk 

• Decrease work of trunk muscles 

Ninety-nine percent of 3410 orthopedic surgeons surveyed 
in the United States reported prescribing spinal orthoses. Pa¬ 
tient acceptance and symptom improvement are seen in 30 to 
80% of cases (3). The lower lumbar region is of particular in¬ 
terest because most disorders occur in one or both of the lower 
two segments. Placing a hack support on a patient often assists 
him or her in early return to ful 1 f unction, and it helps avoid the 
well-documented harmful effects of prolonged immobilization 
and inactivity (3). 

Indications for Lumbosacral Supports 
and Braces (3) 

• Anyone needing to avoid compressing forces on the spine 

• Pain, muscle guarding, and spasm 

• Acute sprains and strains 

• Congenital or traumatic joint instability (the patient 
should be advised to use the support only when needing 
the protection) 

• Herniated disc protrusion (spinal supports have been 



334 Low Back Pain 


shown to reduce the intradiscal pressure in the lumbar 
disc by 25% in both the sitting and the standing positions) 

• Postural backache 

• Degenerative joint or disc disease 

• Preventive measure 

Types of Lumbosacral Supports and 
Braces (1, 3) 

Lumbosacral Corset 

Lumbosacral corsets are usually sized according to hip mea¬ 
surement; they arc higher in the hack than front, usually made 
of canvas, and they produce a semirigid cylindrical three-point 
lixation (Fig. 9.76). 


Lumbar Support or Belt 

Most lumbar supports or belts are made of fabric and elastic 
with Velcro and buckle closures. They are fitted by waist size. 
Their main benefit is to remind the patient to practice proper 
posture and body mechanics while increasing intra-abdominal 
pressure. See Figure 9.78. 

Thoracolumbosacral Orthosis 

A thoracolumbosacral orthosis (TLSO) has straps that extend 
around the shoulders from the corset which covers the tho¬ 
racic spine to the sacrum. Figure 9.79 through 9.82 show var¬ 
ious types of TLSOs. The Taylor brace (Fig. 9.80) is a chair- 
hack brace converted to a TLSO. The Jewett brace (Fig. 
9.81) has sternal and pelvic pads anteriorly and posteriorly at 


Semirigid Lumbosacral Brace 

The chairback brace consists of two upright, pelvic and thoracic 
hands posteriorly, and a pie pan abdominal support anteriorly. 
These braces effectively restrict movement in the thoracolum¬ 
bar region, but are not necessarily effective in restricting mo¬ 
bility in the lumbosacral area (Fig. 9.77). 




Figure 9.77. Rigid Chairback brace lumbosacral orthosis. (Reprinted 
from Goldish GD. Introduction: Lumbar spinal orthotics. Journal of 
Back and Musculoskeletal Rehabilitation 1993;3(3): 1 — 1 1; with permis¬ 
sion from Elsevier Science Ireland Ltd., Clare, Ireland.) 



Figure 9.76. Lumbosacral corset. (Reprinted from Goldish GD. In¬ 
troduction: Lumbar spinal orthotics. Journal of Back and Musculoskele¬ 
tal Rehabilitation 1993;3(3): 1 — 1 1 ; with permission from Elsevier Sci¬ 
ence Ireland Ltd., Clare, Ireland.) 


Figure 9.78. Lumbosacral flexible hinder. (Reprinted from Goldish 
GD. Introduction: Lumbar spinal orthotics. Journal of Back and Muscu¬ 
loskeletal Rehabilitation 199 3; 3(3): l — 1 1; with permission from Elsevier 
Science Ireland Ltd., Clare, Ireland.) 
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Figure 9.79. Thoracolumbosacral orthosis corset. (Reprinted from 
Goldish GD. Introduction: Lumbar spinal orthotics. Journal of Back and 
Musculoskeletal Rehabilitation 1993;3(3): 1 — 11; with permission from 
Elsevier Science Ireland Ltd., Clare, Ireland.) 




Figure 9.81. Jewett thoracolumbosacral orthosis. (Reprinted from 
Goldish GD. Introduction: Lumbar spinal orthotics. Journal of Back and 
Musculoskeletal Rehabilitation 1993;3(3):1 — 11; with permission from 
Elsevier Science Ireland Ltd., Clare, Ireland.) 


Figure 9.80. Taylor brace. (Reprinted from Goldish GD. Introduc¬ 
tion: Lumbar spinal orthotics. Journal of Back and Musculoskeletal Re¬ 
habilitation 1993;3(3): 1 — 1 1; with permission from Elsevier Science Ire¬ 
land Ltd., Clare, Ireland.) 
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Figure 9.82. A. CASH (cruciform brace) thoracolumbosacral orthosis. B. Custom molded plastic tho- 
racolumbosacral orthosis (TLSO). (Reprinted from Goldish GD. Introduction: Lumbar spinal orthotics. 
Journal of Back and Musculoskeletal Rehabilitation 1993;3(3): 1 — 1 1; with permission from Elsevier Sci¬ 
ence Ireland Ltd., Clare, Ireland.) 


the thoracolumbar junction pad that create a three-point fix¬ 
ation. The CASH (cruciform) brace (Fig. 9.82 A) utilizes an¬ 
terior sternal and suprapubic pads, which form an effective 
deterant to motion, hut cause discomfort for the patient. Fig¬ 
ure 9.82is a plaster-fabricated TLSO body jacket. Lum¬ 
bosacral orthosis have a positive effect by restricting gross 
motions of the trunk rather than intervertebral mobility in 
the lumbar spine (2). 

NUTRITION AND DRUG EFFECTS WITH LOW 
BACK PAIN PATIENTS 

Medications Used for Back Pain and Their 
Effects (1) 

Steroids (Adrenocorticosteroids) 

A. Anti-inflammatory agents 

B. Two categories: 

1. Mincralocorticoids (based on their sodium retention) 

2. Glucocorticoids (based on their glycogen deposition) 
(cortisol is the most significant glucocorticoid secreted 
by the adrenal medulla) 

C. Act by regulating protein synthesis and controlling RNA 
L). Other effects: stimulates hypertension, produces muscle 

wasting, and induces behavioral changes ranging from eu¬ 
phoria to depression and ulcers of the stomach 

E. Anti-inflammatory effects arc vasoconstriction to drive out 
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inflammatory transudate and recruit white blood cells to 
the area of inflammation 

F. Toxicity results in hypertension, Cushing’s syndrome, 
cataracts, myopathy, ecchymosis, acne, hirsutism, avascular 
necrosis, infection, hyperglycemia, electrolyte disturbances 

G. Contraindications: heart disease, congestive heart failure, 
hypertension, infections, diabetes, glaucoma, osteoporo¬ 
sis, psychoses, herpes simplex infection, and ulcer history 

Nonsteroidal Anti-Inflammatory Medicines (NSAIDs) (1) 

A. Mechanism of action: suppresses bradykinin release, alters 
lymphocyte response, decreases granulocyte and monocyte 
migration and phagocytosis 

B. Indications: reduces inflammation and thereby pain 

C. Classes of NSAIDs: 

1. Carboxylic acids 

a. Salicylates (acetylsalicylic acid, diflunisal) 

b. Acetic acids (indomethacin, tolmetin) 
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c. Propionic acids (ibuprofen, naproxen) 
cl. Fcnamatcs (mefcnamic acid, clonixin) 

2. Pyrazoles (phenylbutazone, apazonc) 

3. Oxicams (piroxicam, isoxicam, tenoxicam) 

D. Adverse Side Effects 

1. Renal catastrophes: acute interstitial nephritis, acute 
tubular necrosis, nephrotic syndrome 

2. Hypertension 

3. Liver effects 

a. Up to 5% of patients 

b. Monitor liver function tests at 6 and 1 2 weeks 

4. Bleeding due to platelet effect. Must be off NSAIDs 
prior to surgery 

5. Gastrointestinal effects 

a. 10 to 20% of patients on chronic use have ulcers 

b. Hemorrhage four times greater likelihood to cause 
death in elderly 

6. Skin rash, anaphylaxis, tinnitus, headache, confusion, 
agranulocytosis, asthma 

Antidepressants (Tricyclic Antidepressants) (1) 

A. Commonly used: imipramine, amitriptyline, doxepin, 
desipramine, nortriptyline, protriptyline 

B. Mechanism of action: blocks the amine reuptakc pump of 
the amine neurotransmission to potentiate the action of 
biogenic amines in the central nervous system. This allows 
longer duration of active amines in the receptor site (amine 
pump theory). This is felt to increase the postsynaptic re¬ 
sponse in the deficient central nervous system of patients 
with depression. 

C. Side effects: 

1. Anticholingcric effects are mydriasis, flushed dry skin, 
dry mucosa, absent bowel sounds, urinary retention. 

2. Cardiac side ef fects are tachycardia and complex supra¬ 
ventricular tachyarrhythmias with high output cardiac 
failure. 

3. Psychiatric disorders include delirium, anxiety, halluci¬ 
nations, disorientation, seizures. 

Muscle Relaxants 

A. Two categories 

1. Blocking the neuromuscular junction 

2. Acting on the central nervous system, including cariso- 
prodol compound (Soma Compound), Maolaate (chlor- 
phenesin carbamate), Paraflcx (chlorzoxazone), Skclaxin 
(metaxalone), Robaxin (methocarbamol), Norflcx (or- 
phenadrine citrate). These agents depress transmission 
through spinal and supraspinal polysynaptic pathways. 

B. Adverse reactions: lightheadedness, dizziness, drowsiness, 
nausea, headache, allergic reaction. Overdose can have gas¬ 
trointestinal effects such as nausea and diarrhea and vomiting. 

C. Valium is a muscle relaxer that acts on the reticular neu¬ 
ronal mechanism controlling muscle tone. Danger exists in 
taking this drug with alcohol as it can be lethal if severe res¬ 
piratory and neurologic depression occurs. 

D. Flexeril (cyclobcnzaprinc) is a muscle relaxant whose action 


is not known. It is to be avoided in patients with heart ar¬ 
rhythmias or heart block because of its cardiotoxic actions (1). 

Opioids 

A. Opioids, including morphine, meperidine (Demerol), 
methadone, pentazocine (Talwin), oxymorphonc (Numor- 
phan), oxycodinc and aspirin (Pcrcodan), propoxyphene 
(Darvon), propoxyphene with acetaminophen (Darvocet ) 
oxycodone and acetaminophen (Percocct), Tylenol with 
codeine, hydrocodone (Vicodin), and Darvon with acetyl- 
salicylic acid 

B. Opioids lessen pain without loss of consciousness 

C. Central nervous system (CNS) effects: drowsiness, mood 
alteration, mental clouding, analgesia 

D. Death occurs because of respiratory depression with over¬ 
dose 

E. Overdose triad: coma, pinpoint pupils, decreased respira¬ 
tion 

Sir William Osier stated: “Imperative drugging—the or¬ 
dering of medicine in any and every malady is no longer re¬ 
garded as the chief function of the doctor” (1). 

Anti-inflammatory and pain-relieving drugs arc needed be¬ 
cause patients demand them. However, reducing dependency 
on them and striving to improve the patient’s health nutrition¬ 
ally without them is a goal of the good doctor. The side effects 
of joint pain medications will be discussed in the next section. 

SUMMARIES OF SPECIFIC DRUG SIDE 
EFFECTS ON BONE AND CARTILAGE 

Prednisone 

Prednisone, when taken by rheumatoid arthritis patients, had a 
34% probability of causing a fracture in 5 years (2). Improve¬ 
ment on the natural history of sciatica with prednisone use has 
not been shown, and the side-effects can be substantial (3). 
Tetanus immunization can trigger rheumatoid arthritis in some 
individuals (4). 

Side Effects of NSAIDs 

Nonsteroidal anti-inflammatory drugs are the most frequently 
prescribed class of medications and one of the most common 
drug groups associated with serious adverse events (5). They 
can be extremely dangerous. When used on a chronic basis 
not occasionally for pain relief—they cause bleeding from the 
gastrointestinal tract in approximately 25,000 people annually. 
Less well known is that theyblockthc body’s ability to produce 
cartilage and can actually cause cartilage destruction. Thus, 
they accelerate the destructive nature of the disease (6). 

Indomethacin (Indocin) has been found to lead to more 
rapid destruction of the hip joint than any other NSAID (6). 

A history of inflammatory bowel disease or diverticular dis¬ 
ease should be considered a contraindication to NSAIDs use as 
they can cause ulcerative disease (7). 
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End-Stage Renal Disease 

People who take acetaminophen or NSAIDs frequently have an 
increased risk of end-stage renal disease (ESRD), hut this risk 
is not found in those who take aspirin frequently. Both heavy 
average intake (more than one pill per day) and medium-to- 
high cumulative intake (1000 or more pills in a lifetime) of ac¬ 
etaminophen appear to double the odds of ESRD. 

A 41-year-old woman took 1200 to 1600 mg of ihuprofen 
for low hack pain and developed renal insufficiency. NSAIDs 
can he associated with nephrotoxicity (proteinuria and renal 
failure). Diuretics and chronic volume depletion enhance this 
pathology (8). 

Acetaminophen consumption may cause up to 10% of the 
overall incidence of end-stage kidney disease. High doses of ac¬ 
etaminophen can lead to liver damage, and massive single doses 
sometimes lead to fatal hepatic necrosis (9, 10). 

NSAIDs Impair Nociceptive Input 

Nonsteroidal anti-inflammatory drugs have been shown to in¬ 
hibit prostaglandin (PG) synthesis and affect the synthesis and ac¬ 
tivity of other ncuroactive substances believed to have key roles 
in processing nociceptive input within the dorsal horn (11). 

NSAIDs May Inhibit Spinal Fusion Healing 

Forty-five percent of control animals achieved fusion versus 
10% of indomethacin-treated animals. Spinal fusion is a process 
that occurs via osteogenesis, which is affected by NSAIDs. 
Clinically, the widespread use of NSAIDs in the postoperative 
period after spinal fusion may need to he avoided (12). 

Gastrointestinal Complications of NSAIDs 

Increased preoperative bleeding and blood transf usion require¬ 
ments have been associated with NS AID use (13). Gastroin¬ 
testinal complications account for most of NSAID-related ad¬ 
verse effects. Almost all NSAIDs cause microscopic blood loss 
from the gastrointestinal (GI) tract secondary to a direct mu¬ 
cosal toxic effect. A single aspirin pill typically causes 3 mL of 
fecal blood loss daily (3). 

Gastrointestinal-related hospitalizations were six times 
more frequent in patients with rheumatoid arthritis who were 
taking NSAIDs than in those who were not, and deaths from GI 
causes occurred approximately twice as frequently in rheuma¬ 
toid arthritis patients as in the general population (3). 

Unlike short-term NS AID use, long-term therapy with 
these agents can lead to gastroduodenal ulceration and associ¬ 
ated serious complications—hemorrhage, perforation, and 
death. Mucosal damage is seen in 50 to 70% of arthritis patients 
treated with long-term NSAID therapy. 

A 10.6 times increase in GI ulcers is seen in patients taking 
combined NSAIDs and corticosteroids. Relative risks for ulcer 
formation exist with use of several NSAIDs from a low dose of 
2.3 mg of ihuprofen toahighof8.7 mg of meclofenamate. The 


greatest risk of complications is with piroxicam (Fcldene), with 
progressively lower risk ratios for indomethacin, aspirin, 
naproxen, and ihuprofen (3). 

Use of NSAIDs may promote both ulcerous and nonulccr- 
ous lesions of both the upper and lower GI tract; delay healing 
of peptic ulcers, even to the extent of intractibility; and may 
cause ulcer recurrence after gastric surgery. Prevention of side 
ef fects of NSAIDs is unresolvable (14). 

Estimated incidence and relative risk for children with 
arthritis using NSAIDs is comparable to the rates found in 
adults with arthritis taking NSAIDs (15). 

NSAID-Induced Esophageal Injury 

Esophageal injury occurs at sites of anatomic narrowing, such 
as the midesophagus at the level of the aortic arch and left 
atrium. Most of these patients present with symptoms of 
odynophagia, dysphagia, and heartburn. All patients should he 
advised to take NSAIDs while in the upright position, with suf¬ 
ficient quantities of liquid. They should not take them immedi¬ 
ately prior to bedtime when recumbency, reduced salivation, 
and swallowing can lead to impaired esophageal clearance (3). 

Enteropathy and Colopathy With 
NSAID Use 

Sixty to seventy percent of patients on long-term NSAID ther¬ 
apy may develop an asymptomatic enteropathy, associated with 
low-grade blood and protein losses. The amount of blood loss 
in most cases has generally been mild, ranging from 1 mL to 10 
mL per day, a value similar to the amount of intestinal blood 
loss in patients with colorectal cancer (5). 

Colonic injury, termed “colopathy,” can he caused by 
NSAID use. The spectrum of injury varies from colitis resem¬ 
bling inflammatory bowel disease to an increased rate of 
colonic perforation, bleeding, or complicated diverticular and 
appendiceal disease. Rectal administration of NSAIDs has also 
been associated with proctitis. NSAIDs have been linked to the 
development of collagenous colitis, a diarrheal disorder char¬ 
acterized pathologically by collagen deposition beneath the sur¬ 
face epithelium, with associated lymphocytic inflammation in 
the lamina propria. NSAIDs have also been associated with se¬ 
rious complications of diverticular disease, including perfora¬ 
tion and fistula formation (5). 

Anemia 

Small intestine inflammation and bleeding (enteropathy) 
caused by NSAID uses must he considered in the evaluation of 
anemia in patients with arthritis (16). 

Blood Pressure Monitoring with 
NSAID Therapy 

Many antihypertensive agents are less effective during concur¬ 
rent therapy with the more potent NSAIDs. Blood pressure 
must he closely monitored on initiation of NSAID treatment. 
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Central Nervous System Effects 

Aseptic meningitis (most commonly caused by ibuprofen), 
acute psychoses, and memory dysfunction have been reported, 
most commonly in the elderly (5). 

Liver Function Tests Needed in Patients 
on NSAIDs 

Most NSAIDs and aspirin can cause minor, reversible eleva¬ 
tions in liver chemistry values, but only rarely do they cause se¬ 
rious liver injury, which in some cases has been fatal. Serum 
liver function should be monitored when initiating NSAID 
therapy, and the medication should be discontinued if levels 
progressively increase or clinical signs or symptoms of liver dis¬ 
ease develop (17). 

The relative risk for serious injury i s elevated approximately 
threefold among NSAID users, and may be even higher in the 
elderly, those with prior ulcer disease, patients who take con¬ 
comitant corticosteroids, and those taking high-dose or multi¬ 
ple NSAIDs. 

Elevations in liver function tests have been attributed to di¬ 
clofenac (17). Chemical hepatitis can occur with other 
NSAIDs. Idiosyncratic aplastic anemia is, fortunately, a rare 
complication of NSAID therapy (5, 17). 

Helicobacter pylori Infection and 
NSAID Use 

The relationship between Helicobacter pylori infection and 
NSAID use, and whether the two act synergistically in the 
pathogenesis of gastroduodenal ulceration, is not known. Both 
independently impair mucosal defense and are contributing 
factors in the formation of ulcers. H. pylori induces an acute and 
chronic inflammatory infiltrate in the gastric mucosa termed 
“chronic active gastritis,” whereas pure NSAID ulcers occur in 
the background of normal mucosa (5). 

Withdrawal Reactions from NSAID Therapy 

Optimal treatment to promote gastroduodenal ulcer healing 
during continued NSAID therapy has not been well defined. 
Whenever possible, NSAIDs should be discontinued to pro¬ 
mote more rapid ulcer healing. 

Misoprostol is the only unequivocally effective agent for the 
prevention of NSAID-induced gastroduodenal ulcers. How¬ 
ever, the use of this drug is expensive and despite the encour- 
aging preliminary findings, the drug has not proved to reduce 
complications, such as bleeding, perforation, or death, during 
long-term NSAID use (5). 

Elderly Show Specific Health Problems 
with Certain Drugs for Back Pain 

Several commonly prescribed medications for back pain—in¬ 
cluding indomethacin (Indocin), cyclobenzaprine (Flexeril), 
amitriptyline (Elavil), and diazepam (Valium)—could cause 


health problems in some patients over the age of 65 and they 
should be avoided (18). 

Outcome Results in NSAID Use 

A total of 395 male infantry recruits were evaluated in a 
prospective study of possible risk factors for overexertional back 
pain and the ef ficacy of drug treatment regimens for this syn¬ 
drome. No difference was recorded between the piroxicam- 
treated group and the control group regarding the presence of 
pain in the back and leg and f unctional ability. Nor was any dif¬ 
ference found in the need for additional analgesics (19). Little 
indication is found for the use of NSAIDs in acute cases of sci¬ 
atica (20). Evidence that NSAIDs accelerate articular cartilage 
degeneration in patients with osteoarthritis is somewhat con¬ 
tradictory. Although widely prescribed for osteoarthritis, little 
evidence is found that NSAIDs are better than simple analgesics 
for managing symptomatic osteoarthritis (21). 

Antidepressants Increase Risk of 
Hip Fracture 

Antidepressants, which have sedative and autonomic effects, 
increase the risk of hip f racture by 60% in the geriatric popula¬ 
tion (22). 

Epidural Lipomatosis Following Steroid Use 

Epidural lipomatosis is a condition in which excess adipose tis¬ 
sue is deposited circumferentially about the spinal cord in the 
epidural space. Most frequently seen in patients on chronic 
steroid treatment for a variety of medical problems, epidural 
lipomatosis can present as nonspecific back pain, radiculopa¬ 
thy, or frank spinal cord compression (23). 
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NUTRITIONAL APPROACHES TO TREATING 
DISC DEGENERATION AND OSTEOPOROSIS 

Proteoglycan Loss Precedes Disc 
Degeneration and Arthritis 

Connective tissues are composed chiefly of collagen, water, 
and large glycoproteins called “proteoglycans.” Collagen pro¬ 
vides the tissue with tensile strength, whereas the proteogly¬ 
cans, through their large density of negative charge, imbibe wa¬ 
ter and produce a high swelling pressure within the tissue (1). 

Loss of proteoglycan from these tissues is a central event in 
the development of disk degeneration and osteoarthritis. Stud¬ 
ies of human lumbar spines have suggested that loss of proteo¬ 
glycan can predispose the disk to degeneration and that degen¬ 
eration may be associated with specific changes in proteoglycan 
subspecies (1). 

Small proteoglycans are actively involved in osteoarthritic 
processes. They contribute to the deterioration of the articular 
cartilage and ultimately interf ere with the repair processes in 
arthritic cartilage (2). 

End Plate Loss of Proteoglycans Promotes Nuclear 
Proteoglycan Loss 

It has been shown previously that removal of proteoglycans 
from the end plate accelerates the loss of proteoglycans from 
the nucleus. 1 Icnce, a major function of the cartilage end plate 
may be to prevent fragments of osmotically active proteogly¬ 
cans from leaving the disc (3). 

Perna Canaliculus as a Source of 
Chondroitin Sulfate 

Pern a canaliculus is rated the best preparation ever encountered 
for the treatment of arthritis, superior to NSAIDs. One of the 
most popular and effective substances used by doctors in Eu¬ 
rope for arthritis is chrondroitin sulfate A (CSA). CSA is natu¬ 
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rally found in bones, cartilage, tendons, ligaments, vertebral 
discs, and in many plants. 

Two groups of patients were tested, one with NSAIDs and 
the other with CSA. Findings were that 77% of those taking 
CSA had reduced inflammation versus 42% of those taking 
NSAIDs. 

Degraded bones began to repair through the ability of CSA 
to increase calcium absorption and replacement. CSA dimin¬ 
ishes the disease and begins to rebuild the damaged area with 
none of the health risks of NSAIDs. 

Perna canaliculus extract has proved to be the single most 
effective preparation ever encountered for the treatment of os- 
teo and rheumatoid arthritis (4). Perna canaliculus extract has 
genuine anti-inflammatory ef fects (4). 

Nutritional Home Care of the Intervertebral 
Disc Patient 

Cole et al. (5) reported that Arteparon, a polysulphatcd poly¬ 
saccharide, was administered systemically to mature beagle 
dogs over a 26-week period. At necropsy, disc proteoglycans 
were isolated, purified, and analyzed. Their findings were the 
first report that a systemically administered drug could influ¬ 
ence the disc proteoglycans, and they suggested that Arteparon 
might be of value in the management of degenerative disc dis¬ 
ease. 

Lowther (6) reported 50% loss of proteoglycan from the 
cartilage of the rabbit articular cartilage when arthritis of the 
joint was present. This loss caused the cartilage matrix to be 
less capable of restoring the proteoglycan content of the carti¬ 
lage and resulted in loss of joint stiffness and resistance to com¬ 
pression. 

Wilhelmi and Maier (7) found, in rabbits with osteoarthro¬ 
sis of the knee, that injection of sulphated glycosaminoglycans 
(GAG) inhibited enzymes that destroy cartilage and promoted 
repair of the defects. GAG has been found to increase prolifer¬ 
ation of hyaline cartilage of the hip joint in mice and the femoral 
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condyles, femur, and tibia of rabbits. Puhl and Dustmann were 
reported (7) to have induced regeneration of damaged cartilage 
in rabbits with glycosamine sulfate. 

Discat Supplement in Treatment of Disc Degeneration 

Discat is a nutritional formula I have used for patients with disc 
degeneration or disc protrusion. Discat Plus contains 210 mg 
of manganese sulfate, 160 mg of calcium, 5 5 mg of potassium, 
80 mg of magnesium, 12 mg of zinc, 100 mg of perna canalicu¬ 
lus (glycosaminoglycan, chondroitin sulfates), and 500 mg of 
glucosamine sulfate. For the first 3 months of care, the patient 
is told to take four tablets daily, after which a maintenance dose 
of two tablets a day is prescribed. 

Disc Imbibition of Nutrients 

Direct vascular contact (vascular buds) exists between the mar¬ 
row spaces of the vertebral body and the hyaline cartilage of the 
end plates of the vertebra, which is important for the nutrition 
of the disc (8). Until a person reaches the early 20s, the inter¬ 
vertebral disc receives nutrients via the epiphyseal end plates. 
Following their closure, however, the hyaline cartilage be¬ 
tween the nucleus and the vertebral body thins and an ingrowth 
of granulation tissue, which becomes important in the nutrition 
of the disc, occurs. Diffusion of solutes occurs, both From the 
cancellous bone of the vertebral body into the nucleus through 
the end plate and from the anterior and posterior anulus fibro- 
sus. Oxygen and glucose enter primarily through the end plate 
route, whereas the sulfate radical enters primarily through the 
anterior and posterior anulus fibrosis. 

According to Naylor et al. (9), studies of the components of 
the disc by chemical analysis, radiograph crystallography, and 
electron microscopy have shown that in disc degeneration a fall 
in the total sulfate (both chondroitin sulfate and keratin sulfate) 
occurs with age. Happey et al. (10) have shown that a gradual 
diminution of the sulfate content of the disc occurs with aging 
and degeneration and that the prolapsed nucleus pulposus usu¬ 
ally contains less than half the sulfate values of the normal disc. 
Keep in mind that the posterior anular fibers have the poorest 
nutrition, although they are subjected to the greatest strain by 
a bulging turgor-filled nucleus pulposus. 

Robles (11), in an extensive study of disc nutrition, used 
electron microscopy and atomic spectrometry to measure the 
mineral salts and water content of the anulus Hbrosus and nu¬ 
cleus pulposus. He found that the disc, which is deprived of ves¬ 
sels, receives nutrients by the diffusion of plasma filtrates From 
the surrounding structures. The intervertebral disc is supplied 
by the vertebral epiphysis until a person reaches the age of ap¬ 
proximately 25 years. After fusion of the epiphysis, the vessels 
join those of the vertebral bodies. Certain vascular loops reach 
the cartilaginous structures of the vertebral plates and the area 
above where the disc tissue is formed. It has been suggested that, 
by diffusion, these loops form nutrient channels from the can¬ 
cellous bone of the vertebral body into the adjacent disc. 

The nucleus pulposus demonstrates a hjdrophilia, which is an 
osmotic force that brings about a diffusion of fluid from the ver¬ 
tebral body into the nucleus. The nucleus pulposus demon¬ 


strates twice the hydrophilic capacity of the remaining disc. 
Nutrient channels are formed from the vertebral bone into the 
disc, and a high rate of mineral salt flow is noted within these 
channels. 

It has been demonstrated by the use of atomic spectrometry 
that five mineral constituents (potassium, calcium, magne¬ 
sium, iron, and sodium) flow into the disc. Only one of these 
elements, sodium, is found in increased concentration within 
the nucleus. Robles determined the flow of nutrients from the 
vertebral body into the disc by injecting dye into the nucleus 
and observing it flowing through the nutrient channels. 

Urban et al. (12) found diffusion to be the main mechanism 
of transport of small solutes into the intervertebral disc. About 
40% of the end-plate area was found to be permeable to small 
solutes in experiments on dogs. The amount of solute entering 
via the end plate was shown to be less for negatively charged 
solutes (e.g., sulfate ion) than for the neutral solutes (e.g., glu¬ 
cose) because of altered charge exclusion in the region of the 
nucleus. 

This nutritional route is important, as many authors believe 
that a correlation exists between the impermeability of the cen¬ 
tral region of the end plate and disc degeneration. The only 
solute whose metabolism has been studied is the sulfate ion. A 
turnover of sulfate occurs in the nucleus pulposus in about 500 
days. Consequently, Nachemson (8) believes ruptured discs 
take a long time, if ever, to heal. 

The in vivo procedure used to study sulfate metabolism was 
performed on dogs, who were anesthetized and given injec¬ 
tions of radioactive sulfate tracers. Blood samples were col¬ 
lected at regular intervals until the dogs were killed at intervals 
of 1 hour to 6 hours after the initial injection. The spines were 
dissected as quickly as possible, usually within 5 to 10 minutes 
after death, and plunged into liquid nitrogen. Liquid nitrogen 
was poured onto the discs to stop cliffusion from occurring dur¬ 
ing the measuring and cutting operations that followed. Urban 
et al. (1 2) report that the cell density in the peripheral regions 
of the anulus and near the end plate is about three to four times 
higher than that in the rest of the disc. From the values deter¬ 
mined in their study, it appears that the cells in the periphery 
of the disc are taking up sulfate and, hence, producing proteo¬ 
glycan less actively than those in the center of the disc. The cells 
in the surf ace layers of the articular cartilage likewise are less 
active in producing proteoglycans than are those in the deeper 
zones. 

Sulfate is lost from discs as they undergo degenerative 
change. It has been postulated that nutritional deficiencies 
could lead to disc degeneration. If the end plate were blocked, 
waste products could build up or a nutritional deficiency could 
predispose the disc to degenerative change (13). Conse¬ 
quently, we use Discat, which incorporates manganese sulfate 
along with five other minerals, in the treatment of low back 
pain. The benefits of glucosamine sulfate and glycosaminogly¬ 
can are discussed on the following page. Exercises have been 
reported to improve the delivery of nutrients to the spinal 
discs, perhaps delaying the deterioration that eventually afflicts 
all backs (14). 
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Influence of Exercise on Nutrient Imbibition 

Lowther (6) found that, with exercise, synovial lined joints 
stimulated penetration of nutrients into the cartilage. Kramer 
(1 5) states that a continuous well-balanced metabolism is nec¬ 
essary in the disc to maintain the synthesis and depolymeriza¬ 
tion of the extracellular components. Cells lacking satisfactory 
nutrition produce macromolecules inferior in quality and 
quantity. 

Holm and Nachemson (16) reported that the free sulfate 
concentration for exercised canines was higher than among 
those not exercising. Improved delivery of nutrients by exer¬ 
cise might delay the deterioration that eventually affects all 
backs (14). Ogota and Whiteside (13) state that nutritional de¬ 
ficiency can lead to disc degeneration because a block of the 
end plate creates a buildup of waste products or a nutritional 
deficiency that may predispose the disc to degenerative 
change. 

Finally, Eismont (17) showed in rabbit models that circula¬ 
tion into the disc occurs. More than 50% of the serum level re¬ 
mained 8 hours following antibiotic intramuscular injection 
with antibiotic present, in the nucleus pulposus. The possible 
nutritional causes of discal degeneration are only beginning to 
be understood. 

GLUCOSAMINE SULFATE AND 
GLYCOSAMINOGLYCAN BENEFITS 
AND CLINICAL OUTCOME STUDIES 

Glucosamine sulfate and chondroitin sulfate (glycosaminogly- 
can) are naturally occurring substances essential for cartilage 
maintenance and regeneration. Together, they help chondro¬ 
cytes within cartilage to form new cartilage. The amount of 
proteoglycans formed depends on the amount of glucosamine 
present. The more glucosamine available , the more proteoglycans can 
be made (18). 

Glucosamine sulfate (GS) is a molecule of sulfur and an 
amine group bound to glucose, and it serves as the precursor of 
glycosaminoglycan (GAG) synthesis. Glucosamine stimulates 
synthesis of GAG, inhibits its degradation, and is anti-inflam¬ 
matory. Animal studies show 98% absorption, primarily in the 
small intestine, of glucosamine sulfate after oral administra¬ 
tion. Articular cartilage shows high uptake of GS (19). 

In a double-blind study of 20 people with osteoarthritis of 
the knees 10 were given 500 mg of glucosamine three times a 
day and 10 were given a placebo. Results indicated reduced 
pain, joint tenderness, and swelling within 6 to 8 weeks in the 
group given glucosamine (20). 

In a study testing glucosamine versus ibuprofen in 100 par¬ 
ticipants, side effects were much higher in the ibuprofen group 
(21). A study in Portugal involved 1208 patients given 1.5 g 
glucosamine in three daily doses over a period of 30 days. 
Symptoms such as pain at rest, on standing, and on exercise im¬ 
proved steadily throughout the trial period. The improvement 
lasted for a period of 6 to 1 2 weeks after the treatment ended 
(22, 2 3). Chondroitins protect existing cartilage from prema¬ 


ture breakdown by inhibiting the action of certain “cartilage 
chewing” enzymes (24). 

Daily glucosamine by lavage into rat knee joints that had 
been damaged with pain injection showed an increase of GAG 
and its synthesis in the cartilage. The treated rats showed de¬ 
creased pathologic alteration of the cartilage (25). 

Chondroitins interf ere with other enzymes that attempt to 
“starve” cartilage by cutting off the transport of nutrients and 
stimulating the production of proteoglycans, glycosaminogly- 
cans, and collagen—the cartilage matrix molecules that serve 
as building blocks for healthy new cartilage (26). 

Chondroitins work synergistically with glucosamine. Ad¬ 
ministration of supplemental chondroitin sulfates acts as nat¬ 
urally occurring chondroitins found in cartilage, protecting 
the cartilage of premature breakdown. Chondroitins are non¬ 
toxic (27). 

A study done in France followed 50 patients with os¬ 
teoarthritis of the knee who were given oral administration of 
either 800 to 1 200 mg of chondroitin sulfates or 500 mg of a 
pain medication. Cartilage tissue samples were taken at the be¬ 
ginning of the study and after 3 months of therapy. Results 
showed that the cartilage in the chondroitin group was repaired 
significantly (28). 

In a double-blind, random study comparing the effective¬ 
ness of a pain killer with chondroitins, 120 patients with os¬ 
teoarthritis of the knees and hips were given either oral chon¬ 
droitin sulfates or a placebo. After 3 months, the group given 
the oral chondroitins reported a reduction in pain and pain 
movement and no side ef fects. In addition, a 60-day carry-over 
effect was seen when administration was stopped. Therefore, 
the combination of glucosamine and chondroitin sulfate ap¬ 
pears to be powerful therapy, working together to help syn¬ 
thesize new cartilage (29). 

Glucosamine Sulfate Is the Superior 
Form of Glucosamine 

Glucosamine sulfate (GS), the preferred form of glucosamine, 
is used in treating osteoarthritis in more than 70 countries. It 
has been used by millions of people; more than 300 scientific 
investigations and more than 20 double-blind studies have been 
done on its use (30). The sulfate compound in GS is an essen¬ 
tial nutrient for joint tissue, as it functions in the stabilization 
of the connective tissue matrix of cartilage, tendon, and liga¬ 
ments. Arthritis victims are deficient in sulfate and restoring its 
level brings about significant benefits (31). 

Sulfation of Proteoglycans Is Important 

Previous studies have presented evidence that an underlying 
cause of intervertebral disc degeneration is related to changes 
in proteoglycan sulfation. Chondroitin sulfation as assessed by 
discogram in cadaveric lumbar IVDs, at two different stages of 
degeneration, was analyzed. Findings graded Hof 28 lumbar 
discs 2 and the other 14 were graded 4 (i.e., more degener¬ 
ated). The major diff erences in sulfation of the chondroitin be¬ 
tween the grade 2 and grade 4 discs only occurred in the pos- 
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terior central anulus and nucleus segments. The chondroitin in 
the posterior central and nucleus segments of the grade 2 and 
grade 4 IVDs were undersulfatcd as compared with the other 
segments, and the differences between these segments and the 
others were more accentuated in the grade 4 than in the grade 
2 IVDs (32). 

Sulfur, also important in the manufacture of GAG, inhibits 
the enzymes that lead to cartilage destruction in osteoarthritis 
(e.g. collagenase, elastascs, and hyaluronidase) (3 3, 34). 

Proteoglycans Determine Imbibition of 
Fluids Into the Disc 

After 2 days of weightlessness astronauts gained up to 60 mm 
in height. Similarly, during bed rest, when osmotic pressure 
within discs is greater than hydrostatic pressure from com¬ 
pressive loads of standing, discs imbibe fluid, causing spine 
lengthening and higher intraspinal stresses on rising (35). 

Large Molecules Are Absorbed from the Gut 

The question of the GI tract’s ability to absorb the molecular 
formula is often raised. Chichoke (36) found that macromole¬ 
cules have been recognized as being absorbed through the gut 
wall in more than immunologically relevant quantities in hu¬ 
mans and adult animals. Enteral uptake has not merely been 
demonstrated for proteins and polysaccharides, hut also for 
larger foreign body particles, such as iron filings, particles of 
plastic, and so forth. The term “perabsorption” has been coined 
to describe the absorption of larger particles such as these. 

Type II Collagen Inhibits 
Rheumatoid Arthritis 

A collagen solution made from chicken cartilage and swirled 
into patients’ morning orange juice appears to arrest the 
progress of rheumatoid arthritis in a small group studied. The 
technique, called “oral tolerization,” seems to “teach” the 
body’s immune system to stop inflaming the tissue around 
joints and re-instructs the body to cease the attack on its own 
joints. All 28 patients taking the collagen during the 3-month 
trial got relief from their disease and 4 went into remission; dis¬ 
ease worsened in the 3 I patients who received a placebo ( 37). 

Dr. Arthur Grayzel, Senior Vice President for Medical Af¬ 
fairs of the Arthritis Foundation, said he was encouraged by the 
study and believes oral tolerization techniques have the poten¬ 
tial to halt rheumatoid arthritis. It was clear that the drug was 
beneficial (37). 

Blood Brain Barrier Does Not Extend to Spinal 
Nerve Roots 

Spinal nerve roots appear to he located outside the blood brain 
harrierhecause of their greater vascular permeability to labeled 
plasma proteins creating a possibility for nutrition by diffusion, 
which might he one of the nutritional pathways to spinal nerve 
roots (38). 


OTHER SIGNIFICANT RESEARCH IN 
NUTRITIONAL TREATMENT OF DISEASE 

Vitamin D 3 in the Treatment 
of Osteosarcoma 

Vitamin D 3 metabolites have an antitumor and differentiating 
effect on human osteosarcoma cells in vitro and in athymic 
mice. Vitamin D 3 should he examined further to discover 
whether it could he a useful drug in hormonal treatment for hu¬ 
man osteosarcomas. Tsuchiya et al. (39) documented the in¬ 
hibitory and differentiating ef fects of vitamin D 3 on human os¬ 
teosarcoma cells. Vitamin D 3 , which has been clinically used 
in treating hone marrow diseases such as myelofibrosis, myelo- 
blastic syndrome, and acute myeloblastic leukemia, should he 
the subject of f urther experimental study and clinical trials for 
the treatment of human osteosarcomas (39). 

Smoking Causes Disc Malnutrition 

Smoking leads to disc malnutrition, which in turn renders the 
disc more vulnerable to mechanical stress. Malnutrition can he 
brought about by carboxyhcmoglobin formation, nicotine- 
induced vasoconstriction, arteriosclerotic vessel wall changes, 
impairment of fibrinolytic activity, and changes in the flow 
properties of blood (40, 41). 

Other Medical Nutritional Advances 

Treatment with black current seed oil resulted in reduction in 
signs and symptoms of disease activity in patients with rheuma¬ 
toid arthritis (42). High doses of vitamins A, B 6 , C, and E re¬ 
duce the risk of recurrence of disease in patients with transi¬ 
tional cell carcinoma of the bladder (43). 
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OSTEOPOROSIS 

Osteoporosis, a decrease in bone density and weight, affects 20 
to 2 5 million US residents, and it is present in about one of four 
women over the age of 65 (1). 

Bone Composition 

Bone is made up of three components: matrix (50%), mineral 
(45%), and cells. Nearly 100% of total body calcium is located 
in bone with minerals consisting of hydroxyapatite crystals con¬ 
taining calcium, sodium, potassium, magnesium, and carbon¬ 
ate (2). 

By the fourth decade of life, the peak bone mass has been 
reached and a slow loss of both cancellous and cortical bone be¬ 
gins. Osteoporosis affects women more severely than men be¬ 
cause, after menopause, women experience an accelerated loss 
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of cancellous bone (1). Another study, however, shows peak 
bone mass is obtained by the middle of the third decade, and 
the greater the peak bone mass achieved, the better the chance 
of avoiding osteoporosis later in life (3). 

Five factors determine the risk of developing osteoporosis: 
age, initial bone density, menopause, bioavailability of calcium, 
and sporadic factors such as low weight, smoking, alcohol in¬ 
take, and physical activity. One of three women will have a ver¬ 
tebral fracture after age 6 5 years and a hip fracture in extreme 
old age (4). 

Two Types of Osteoporosis 

1. Postmenopausal or idiopathic osteoporosis occurs most 
commonly in women between the ages of 50 and 70 years, 
and it is associated with rapid loss of trabecular bone and 



Chapter 9 Biomechanics, Adjustment Procedures, Ancillary Therapies, and Clinical Outcomes of Cox Distraction Technique 345 


vertebral fractures. This is the accelerated type of osteo¬ 
porosis, with a loss of up to 10% a year. 

2. Involutional or senile osteoporosis occurs equally in men 
and women between the ages of 70 and 90 years, and it is 
associated with loss of both cortical and trabecular bone 
with hip fractures (2). 


Other Risk Factors for Osteoporosis 


1. Heavy alcohol intake 


(5, 6). 


and smoking affect osteoblast activity 


2. Hypogonadal men and women treated with glucocorticoids 
are at markedly increased risk for spine fracture (5). 

3. Vasectomy. Eight of twenty-four men who developed os¬ 
teoporosis at a mean age of 52.1 years had vasectomies be¬ 
tween 5 and 1 5 years prior to diagnosis of their osteoporo¬ 
sis (6). 

4. Vibration. Chain-saw operators whose both upper extrem¬ 
ities had been exposed to the impact of vibrations exceec ling 
the threshold limit showed a statistically significant differ¬ 
ence in the mineralization of their clavicles when compared 
with a control group (7). 

5. Menopause, exercise deficiency, and genetics. Early natural or 
operatively induced menopause, prolonged periods of amen¬ 
orrhea, poor nutrition, history of limited exercise, genetic fac¬ 
tors (a positive family history), and a history of excessive al¬ 
cohol intake or smoking were cited as risk factors (3). 


Causes 

The most important nutritional risk factor is inadequate cal¬ 
cium intake (1). Approximately 25% of the dietary dose of cal¬ 
cium is absorbed primarily in the upper part of the gut. Nor¬ 
mal absorption of calcium by the gut requires an appropriate 
gastric pH level, an adequate serum level of 1,25-dihydroxy- 
vitamin D, and an appropriate dietary calciurmphosphate ratio 

( 3 ). 

Other Mineral Deficiencies Involved with Osteoporosis 

Magnesium: The typical US diet is low in magnesium, which 
suggests a possible widespread deficiency. Surveys of the 
diet in 1985 show that 80 to 85% of US women consume 
less than the US Recommended Daily Allowance (USRDA) 
of magnesium. A second survey suggests intake is only about 
two thirds of the USRDA (8—13). 

Manganese: Manganese is essential for the formation of the 
bone’s organic matrix and for the synthesis of connective tis¬ 
sue inboneand cartilage. Serum manganese levelshavebeen 
found to correlate with osteoporosis (8—13). 

Copper: In the United States, adults typically consume ap¬ 
proximately one half of the USRDA for copper (8—13). 
Zinc: Most US adults typically do not consume sufficient zinc. 
A dietary survey showed that 68% of adults consumed less 
than two thirds of the USRDA of zinc. Zinc deficiency causes 
reduced osteoblast activity, collagen and chondroitin sulfate 
synthesis, and alkaline phosphatase activity (8—1 3). 


Caffeine: A threefold increase in the risk of hip fracture was 
found in women who consumed large amounts of caffeine 
(more than 4 cups of coffee per clay) (8—1 3). 

Imaging Diagnosis 

Both inter and intraobserver perception of osteopenia on lum¬ 
bar radiographs shows good agreement (14). Up to 40% of 
bone loss will have occurred by the time plain radiographs de¬ 
tect osteopenia (15). 

Dual-energy radiograph absorptiometry, commonly called 
“DEXA,” has a high rate of precision, and it subjects the patient 
to only a low dose of radiation. DEXA is currently the most fre¬ 
quently used method of evaluating bone density in clinical prac¬ 
tice (3). 

Radius Diagnosis of Osteoporosis 

Subjects with severe osteoporosis in the distal radius suffer se¬ 
vere degenerative changes in the discs and the facets; those with 
mild osteoporosis in the distal radius show a tendency to have 
a lesser degree of degenerative changes (16). 

Height Loss Suggests Osteoporosis 

Vertebral collapses are found in 3 5.4% of women who have 
lost more than 3 cm or 1.1 8 inches in height. Height measure¬ 
ment in adults could be a simple and inexpensive method to 
detect spine lesions, and particularly osteoporosis, even in 
asymptomatic subjects (17). 

Treatment 

Renal calculi are not a contraindication to increased calcium in¬ 
take: high dietary calcium intake reduces kidney stones. 

A prospective study was done of the relationship between 
dietary calcium intake and the risk of symptomatic kidney 
stones in a cohort of 45,619 men, aged 40 to 75 years with no 
history of kidney stones. After adjustment for age, dietary cal¬ 
cium intake was inversely associated with the risk of kidney 
stones; high dietary calcium intake decreased the risk of symp¬ 
tomatic kidney stones. There is no support for the belief that a diet 
low in calcium reduces the risk oj kidney stones (18). Another study 
of 91,731 women aged 34 to 59 years with no history of kid¬ 
ney stones showed that the risk for stone formation varied in¬ 
versely with intake of dietary calcium, and that supplemental 
calcium was positively associated with kidney stone formation. 
Dietary calcium reduces the absorption of oxalate, and the ap¬ 
parent different ef fects caused by the type of calcium may be 
associated with the timing of calcium ingestion relative to the 
amount of oxalate consumed (19). 

Intuition has linked stone formation to levels of urinary cal¬ 
cium, but women consuming low calcium diets seem more at 
risk for developing kidney stones than those with high calcium 
intakes. Calcium intake of 800 mg per day or more should be 
ingested by those with a tendency to form stones who also take 
thiazide daily. A low calcium diet does not increase urine su¬ 
persaturation (19). 
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Calcium and Vitamin D Dosage in 
Osteoporosis Prevention and Treatment 

In the elderly, 800 U of vitamin D per clay is recommended. 
Women at risk for osteoporosis should maintain a daily intake 
of 1 500 mg of calcium. Calcium supplements are best absorbed 
when taken with meals and in an acidic environment (1). 

The US Food and Drug Administration and the National In¬ 
stitutes of Health Consensus Conference on Osteoporosis have 
published a recommended daily allowance for calcium: 1000 
mg for estrogen-normal women and 1 500 mg for estrogen- 
deprived women. Middle-aged and elderly women have an av¬ 
erage intake of calcium of only 550 mg per day, and women 
with osteoporosis often consume less. The calcium require¬ 
ment of premenopausal women is 1000 mg, whereas for post¬ 
menopausal women it is 1500 mg (4, 20). Women need this 
amount of calcium for the reasons listed below. 

1. Middle-aged women cannot achieve calcium balance at in¬ 
takes of less than 1000 mg per day (21). 

2. Calcium absorption efficiency declines with age (22). 

3. Estrogen hormone deficiency leads to decreased calcium ab¬ 
sorption and decreased retention of absorbed calcium (23). 

Men also develop osteoporosis, although less commonly 
than women. It occurs in men due to lowered testosterone hor¬ 
mone (24). 

CALCIUM AND VITAMIN D 3 
TREATMENT RESULTS 

Forty-live osteoporotic patients medicated for 1 to 1 3 years 
with a j-hydroxy vitamin D 3 with calcium supplement (treated 
group) and 11 osteoporotic patients with no medication for 1 
to 3 years (control group) were compared. The bone mineral 
density (BMD) of the treated group remained unchanged for 
the first 4 and 6 years, followed by significant decreases, 
whereas that of the control group decreased significantly at the 
second and third year. The vertebral f racture rate of the treated 
group was significantly less than that in the control group at the 
third year. Thus, a^hydroxyvitamin D 3 with calcium supple¬ 
ment can be considered a safe and ef fective agent for long-term 
use in osteoporotic patients (15). 

Calcium supplementation of 1000 mg per day significantly 
slows bone loss by 43% in the spine, hips, and extremities. A 
postmenopausal woman needs 1 500 mg of calcium to keep her 
calcium balance (17). 

Children receiving supplemental calcium exhibited signifi¬ 
cantly enhanced gain in bone mass relative to those not receiv¬ 
ing supplements. Complete cessation of age-related bone loss 
occurred at an average calcium intake of less than 900 mg per 
day (9). 

Calcium Prevents Pre-eclampsia 

Calcium supplementation results in an important reduction in 
systolic and diastolic blood pressure and pre-eclampsia in preg¬ 
nant women (8), although this finding is controversial. 


Calcitonin 

The well-demonstrated ef fects of nasal calcitonin permit it to 
be considered as a highly rational solution for the prevention 
and the treatment of postmenopausal osteoporosis (10). 

Testosterone 

Testosterone replacement therapy is available for hypogonadal 
men. Calcitonin also suppresses osteoclast activity. Calcium, 
vitamin D, estrogen, calcitonin, biphosphonates, and fluoride 
are recommended in necessary cases (3). Drug treatment of os¬ 
teoporosis is not covered in this text. 

For premenopausal women, I prescribe 500 mg; for post¬ 
menopausal women, 1000 mg of nonphosphorous calcium 
citrate daily to supplement their dietary intake. Men are pre¬ 
scribed 500 mg daily. 

Osteoporosis Compression Fracture: 
Diagnosis and Treatment 

Incidence 

Each year, about 1.3 million bone fractures related to osteo¬ 
porosis occur (1 2 to 20% being hip fractures), and the result¬ 
ing cost is estimated to be between $7 and $ 10 billion (1). The 
incidence of compression f racture from osteoporosis is from 26 
to 35%, even in those with no injury or prior knowledge of 
fracture (17). 

Twenty-six percent of persons over 50 show compression 
fracture on radiograph and only 8% seek medical care for them 
(15). More women die from osteoporosis-related 
fracture than combined breast and ovary cancer, and 
1 in 4 women over 50 are affected (11). Twenty percent of 
women and 34% of men with hip fracture die in less than a 
year; osteoporosis is usually asymptomatic until a fracture oc¬ 
curs. The RDA of calcium is 1000 to 1 500 mg (12). 

Fracture Sites 

The most common fracture site for women is LI, and in men 
it is T12 (25). There are three types of fractures: 

1. Compression fractures with loss of the entire vertebral 
height. 

2. Anterior wedge fractures with posterior height maintained. 

3. Biconcave collapse of end plates, known as “picture f raming.” 

Most fractures consistently occur in three anatomic sites: 

1 . Apex of the thoracic kyphus. 

2. The transitional thoracolumbar zone. 

3. Apex of the lumbar scoliotic curve. 

Differential Diagnosis of Osteoporotic Versus 
Tumor Fracture 

The MRI characteristics that differentiate osteoporotic from 
tumor compression fractures or vertebral lesions are as fol- 
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lows: (a) Decreased signals of T1-weighted images and in¬ 
creased signals on T2-weighted images are sensitive hut not 
specific for tumor involvement. ( b ) Normal marrow preser¬ 
vation of the compressed vertebral body or lesion on Tl- 
weighted images almost completely rules out a tumor fracture 
or lesion, (c) Pedicle involvement or an associated soft tissue 
mass are fairly specific for a tumor compression fracture or le¬ 
sion (26). 


Causes of Compression Fracture 

Bending, lif ting, stepping from a curb, pulling on a wrench, a 
minor fall, stooping, or such a common event as bending for¬ 
ward at the waist can cause collapse of an osteoporotic verte¬ 
bral body. Sneezing or coughing have been forcef ul enough to 
cause fracture. Even a minor fall can cause an acute vertebral 
compression fracture (VCF) (17). 

Pain Description 

Usually, pain is sharp and localized to the affected vertebral 
level, aggravated with spine loading activity and flexion, and 
relieved in a neutral spine position. 

Patients with less severe acute pain may have a delayed on¬ 
set of visible radiographic fracture up to 3 months after the ini¬ 
tial onset of acute pain. After 2 to 3 months, a compression 
fracture should have healed so it is no longer a source of local 
pain (17). Moderate levels of hack pain can persist for several 
years after the fracture. Not every woman who has a fracture 
develops hack pain. In one study only 46% of women who de¬ 
veloped a new fracture reported increased frequency of hack 
pain. The other 54% of women with new fractures either did 
not experience significant hack pain or forgot about the hack 
pain at follow- up (27). 


Calcium Types for Treatment of Bone Intake 

Studies favor the more soluble forms of calcium such as citrate, 
citrate-malate, and hydroxyapatite. Citrate absorption is 20 to 
66% greater than carbonate, and also greater than carbonate in 
achlorhydrics and normochlorhydrics. Citrate absorbs twice as 
well as hydroxyapatite (8, 13). 

Orthoses Use 

The purpose of an orthoses in vertebral compression f racture is 
to maintain spinal alignment and relieve pain. Figures 9.80 
(Taylor brace), 9.81 (Jewett brace), and 9.82 (Cash brace) 
shown earlier in this chapter render pain relief as custom- 
molded orthoses (30). 

In trauma to the upper thoracic spine, a ccrvicothoracolum- 
bosacral orthosis stabilizes the upper thoracic and lower cervi¬ 
cal spine. Jewett orthosis or a Knight-Taylor brace with pec¬ 
toral extensions is used to stabilize upper thoracic f ractures and 
to effectively limit flexion in this region. Prolonged rigid fixa¬ 
tion is not recommended. 


Exercise Program for the Disc 
Lesion Patient 


The patient is started on the first three of the Cox exercises 
(Fig. 9.83) at the outset of treatment, regardless of pain sever¬ 
ity. Following relief of Dejerine’s triad (i.e., relief of pain in 
the low hack on coughing, sneezing, and straining at the stool), 
the patient is prescribed the remainder of the exercises. These 
exercises must he chosen carefully by the doctor with regard to 
the patient’s condition. The exercises are on a videotape, 
which is given to patients to assist them in performing them 
properly. 


Rehabilitation 

Acute osteoporosis fracture treatment involves the fol¬ 
lowing: 

1. One to two weeks of bed rest. Some patients may sit up with 
support at 3 to 4 days. To maintain a neutral spine curvature 
and reduce kyphotic tendency, a thin pillow is placed under 
the patient’s head and a regular pillow under the knees as the 
patient lies supine in bed. Physical modalities such as in¬ 
frared heat lamp and gentle stroking massage can help re¬ 
lieve muscle spasm. 

2. Adequate pain management and institution of hormonal and 
calcium supplementation are crucial in the complete care of 
these patients. Calcitonin has been shown to stabilize hone 
mass in hyper-resorptive states and to decrease acute bio¬ 
mechanical pain (17). Vitamin D deficiency is a common 
finding (28). 

Modest increases in physical activity and calcium intake 
(even in the third decade) might result in significant reductions 
in fracture risk later in life (29). 


Home Care for the Disc Lesion Patient 

Following examination and diagnosis ofthc patient’s condition, 
the radiographs are shown to the patient and the condition is 
explained. It is important that the patient understand his or her 
problem as fully as possible in order to participate in care and 
recovery. A copy of the book Low Back Pain: What It Is and How 
It Is Treated (Fig.9.84) is given to the patient. Figure 9.85 is the 
index of the book. The patient’s diagnosis and treatment pro¬ 
cedures, along with instructions on what to do at home, are 
written down for the patient to study and follow. This forces 
the patient to become personally involved with care. Figure 
9.86 shows the instructions for the patient to follow at home; 
the appropriate instructions are checked for each patient. 

COX LOW BACK WELLNESS SCHOOL 

Every patient is invited to attend low back wellness school, 
which is a 2-hour class that teaches the patient how to control a 
low back problem so that the problem does not control the pa¬ 
tient. The school consists of three parts: first is a 2 5-minute seg- 
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i HE COX EXERCISES 

TO ACCOMPANY CHIROPRACTIC MANAGEMENT OF LOW BACK PAIN 


Exercises for the acute severe low back pein patient. 
Exercise 1. 



Lie on your back with your knees flexed and your feet flat on the 
floor as close to the buttocks as possible. Keep the knees 
together. Tighten the muscles of the lower abdoman and but¬ 
tocks so as to flatten your low back against the floor. Slowly 
raise your hips up from the floor and hold for slow count of 8. 
Repeat this exercise 4 times. If you cannot raise your hips from 
the floor, merely tighten the belly, the abdominal and buttock 
muscles and wait until you can raise the hips. 


Exercise 2. 


Lie on back and draw the right knee up to the chest and pull the 
knee down upon chest while attempting to touch the chin to 
the knee. Do this for a slow count of 8 and repeat 4 times. 
Repeat the same exercise with left knee brought to the chest. 
Relax between each session, Repeat with both knees brought 
up to the chest. 


Exercise 3. 


While standing or lying tighten the abdominal and buttock 
muscles so as to flatten your back. Repeat this several times 
throughout the day. Contract the muscles and relax the approx¬ 
imately 8 times at each session. 




General 

Instruction 


Do Not Sit when you have low back pain. This 
increases the pressure within the disc and the 
joint of your spine. If your doctor prescribes a 
belt to wear, remove it to do these exercises. If 
your doctor agrees, it is good to alternate hot 
and cold on your low back before doing these 
exercises. This is done by applying moist heat 
in the form of a hot towel for 10 minutes 
followed by 5 minutes of ice therapy in which a 
moist cool towel is placed on the skin with an 
ice bag on top of it. Place the heat on the back 4 
times and ice on the back 3 times beginning and 
ending with heat. 


If your doctor suggests nutritional supplemen¬ 
tation. be sure to follow it closely 



Do these exercise on a firm surface such as the 
floor or a mat. Do not be alarmed if discomfort is 
noted during exercise. If this pain is great, stop 
it and consult your doctor before continuing. 


Exercises after the acute pain has diminished. Do the following exercises if you feel no pain 



The Cox exercises are to be used in conjunction 
with your chiropractic care and should be 
discussed with the chiropractic physician 
before use. 


Exercise 5. 



Do the exercises marked (x) in numerical order 
_ _ _times a day. 


Lie flat on your back and raise the right leg straight up¬ 
ward without bending the knee. Place your hands behind 
the knee while keeping the knee straight, pull the leg 
straight up so as to stretch the muscles behind your 
thigh. Repeat this 8 times on the right leg and then do it 
on the left.- Relax your low back muscles following this 
exercise. 


Exercise 6. 


Lie on stomach and raise the right leg off of floor while 
keeping the knee straight Hold the leg up in this position 
for a count of 4 and slowly let it down. Repeat this 4 
times. Repeat the same exercise with the opposite leg. 
Relax following this exercise. 



Figure 9.83. Cox exercise program. 
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Exercise 7. 



Lie flat on stomach with arms along side, palms down Slowly 
raise chest from floor Feel the muscles of the low back tighten 
Hold the chest up from the floor for a slow count of 6 and slowly 
let it down Rest betweeneachsession Repeat this 6 limes 


Exercise 6. 


Sit on floor on your knees Extend your right leg as far to the side 
as possible, keeping the knee straight and the arch of the foot on 
the floor Slide your foot along the floor until you feel the stretch 
of the muscles inside your thigh. Do it slowly and hold for a 
count df 5. Repeat it 3 times on the right leg and then repeat with 
the left side. These muscles, which are tight at the beginning, 
will loosenand stretch with subsequent exercise sessions. 


Exercise 9. 




Abdominal Strengthening Exercises Lie on Back with Knees 
bent and feet on floor Bring chin to chest as shown Now 
tighten the abdominal muscles so as to lift and curl the 
shoulders up to about 1 foot off the floor Remember - curl up the 
spine from the neck downward to between the shoulder blade 
Feel the abdominals tighten Do this 10 to 30 times depending 
on your stamina 


Exercise 10. 


Lie on side Turn the toes inward on the right foot and lift leg 
upward. Repeat this 6 times on right and then 6 times on the left 
You will feel pulling in the outer thigh and pelvis. 



Exercise 11. 



Lie on back and draw knees to chest, arms extended level with 
shoulders, roll hips to side in attempt totouch theknees to floor 
Turn your head, in the opposite direction to which your knees are 
bending Repeat this 4 times going first to the right and then to 
the left. This exercise brings all spinal movements together in a 
smooth forceful manipulation of the spinal articulations. Since 
the exercise involves rotation, it should only be done under 
physician instruction. 


Exercise 12. 

Lie on back Bend knees and bring feet up to the buttocks. Now 
lift and straighten the legs so that the legs are at a right angle to 
the body Raise the buttocks from the floor and place the hand 
beside the buttocks and support your pelvis as you raise the 
pelvis from the floor Allow the legs to goover the head with feet 
over the head and the legs parallel to the floor Hold this 
position for 10 seconds and repeat 2 - 3 times. Slowly lower your 
pelvis and legs to the original starting position This exercise 
shoulo only be used by those who have been working with the 
exercises for some time and have their low back pain under con¬ 
trol 
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Figure 9.83. continued 
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LOW BACK 
& LEG PAIN 

WHAT IT IS AND HOW IT IS TREATED 



Figure 9.84. This hook contains a simple explanation of various prob¬ 
lems occurring in the low back, such as disc degeneration, disc protru¬ 
sion, spondylolisthesis, transitional segment, subluxations, facet syn¬ 
drome, short leg, stenosis, and scoliosis. It helps the patient understand 
his or her problem. 


Low Back & Leg Pain 


WHAT IT IS AND HOW IT IS TREATED 
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4 Degenerated Disc 

5 Slipped Disc 
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7 How the Slipped Disc 
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10 Scoliosis 
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Figure 9.85. 


Dear Patient: 

Your condition and its care are described 

on pages_Please read it 

carefully. Haveyourspouseorafriend read 
it also to help you In your care and 
recovery. 


About the Author 

James M. Cox. D.C., D.A.C.B.R.. is a graduate 
of the National College of Chiropractic and a 
member of its Post Graduate Faculty. He is a 
Diplomate of the American Chiropractic Board 
of Radiology, a specialist in x-iay diagnostics. 

He lectures to colleges and state chiropractic 
associations throughout the United States and 
the world regarding a new and innovative 
approach to the non-suigical treatment of low 
back pain. 

Dr. Cox is presently involved as a clinician in a 
research project between National College of 
Chiropractic and Loyola Stritch School of 
Medicine. This study will further the efficacy of 
the chiropractic procedures shown in this book. 

Practicing in Fori Wayne, Indiana. Dr. Cox is 
director of the Low Back Pain Clinic of 
Chiropractic Associates Diagnostics and 
Treatment Center. He devotes his practice to 
research in the causes and treatment in low back 
pain. 

It is hoped that this booklet will help you under¬ 
stand the causes of your back pain and the latest 
remedies for it. 


Index of the book. 


Lo tv Back and Leg Fain 


To My Patients 


INSTRUCTIONS AT HOME 

Authorities state that it takes at least 3 months 
fora tom disc to heal sufficiently to allow such 
daily movements as prolonged sitting, bend¬ 
ing, lifting, or other usual everyday activities. 
The first 3 weeks of concentrated treatment are 
designed to allow maximum ability for the disc 
to heal quickly. Wearing a belt also assures a 
quick heal Those things you must do at home 
are checked as follows: 


□ I. Do not sit! Sitting increases the pressure 

within the disc up to 11 times higher than 
when you lie down. Therefore, in order to 
allow the disc to heal strongly and quick¬ 
ly, you amt oat stL 

□ 2. You are advised to place alternating hot 

and cold packs on your low back and 
pelvis. This will help stimulate circulation 
and relieve your pain. Place heat on your 
painful area for 10 minutes followed by 
an ice pack for 10 minutes and then again 
place the heat on the area for 10 more 
minutes. When doing exercises for your 
low back pain, do them after this hot- 
cold-hot treatment. Your doctor may give 
you packs to place in the microwave or 
freezer to perforin this treatment at home. 

□ 3. Analgesic liniment may be prescribed to 

be massaged into the low back following 
this hot and cold therapy and/or exercises 
as noted in point 10. 

□ 4. Constipation. You are urged to avoid con¬ 

stipation since straining at the stool can 
aggravate low back and sciatic problems. 
If you are constipated, your doctor will 
prescribe something to help your problem. 

□ 5. Take the supplement. Discat, as pre¬ 

scribed, to help heal the disc or other low 
back condition. This contains manganese 
sulfate and the trace minerals that are 
found within the disc and that are felt to 


be of importance in its healing. Most sci¬ 
atic patients are also given high doses of 
vitamin B, C, and A. In addition, you are 
urged to eat a diet high in lean meat, veg¬ 
etables, gelatin, fruits, fruit juices espe¬ 
cially grape, apple and cranberry and to 
avoid sw«ets, fried fatty foods, pork, car¬ 
bonated and alcoholic drinks, and foods 
that normally constipate you. Eat those 
foods that you know have a mild cathartic 
effect on your bowels and increase your 
intake of fluids. 

□ 6. It is important to realize the seriousness of 

sciatic pain. It is often discouraging when 
one gets along fine and then feels that old 
pain start back again. You will be told to 
expect this as it is common to have slight 
recurrences during healing. Consult page 
13 regarding the movements that lead to 
or aggravate low back and sciatic pain. 
Study them well and avoid them. 

□ 7. Mattress. Sleep on a Firm mattress. If it is 

soft, place a piece of plywood under it. 

□ 8. Chairs. Following successful relief of your 

problem, a good chair is indicated. For 
suggestion of proper chair contour, con¬ 
sult your doctor. 

□ 9. Occupation. If your low back and leg pain 

is not so sevete that the job won't irritate 
it, possibly you will be allowed to work. If 
your job entails sitting and bending of the 
spine which aggravates your condition, 
you cannot work. If your work irritates 
the condition, there is no choice except to 
avoid working until relief is secured. You 
must discuss this with your doctor. 

□ 10. Exercises will be prescribed for you to do 

at home for the relief and prevention of 
recurrence of your low back and leg pain. 
Follow them carefully and do them as 
your aie instructed. A videotape of exer¬ 
cises may be given to you by your doctor 
to aid you in preforming the exercises. 


Figure 9.86. This page describes the patient’s home instructions for 
care of the low hack problem. The rules to he followed by the patient are 
indicated by placing a checkmark in the box in f ront of the number. 


ment to teach the patient the causes of low hack pain based on 
knowledge of the disc and facet joint as sources of pain. Next, 
ergonomic training is given, teaching the patient the proper low- 
hack motions to avoid disc damage; emphasis is placed on lift¬ 
ing, bending, and twisting as the causes of hack pain, and on the 
combined stresses they create on the lumbar spine. Finally, the 
Cox exercise program is presented with attendees participating 
so that they learn how to do them properly. Questions and an¬ 
swers are shared in a mutually beneficial atmosphere. Once the 
patient has attended this 2-hour class, he or she understands two 
important facts: first, the patient is equally responsible with the 
doctor f or his or her •wn care and relief , and, second, although 
a cure is not always possible, low hack pain can he controlled. 
Patients learn that degenerative disc disease, spondylolisthesis, 
transitional vertebrae, scoliosis, and disc protrusions, although 
not curable conditions, can he controlled by proper under¬ 
standing and use of the low hack in daily living. 
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LOW BACK WELLNESS SCHOOL 
Principles and Benefits 

Opposing opinions are found in the literature regarding the 
benefits of muscle strengthening exercises, lifting postures, 
return to work factors, and range of motion findings in per¬ 
sons with and without low hack pain. Low hack wellness 
school is a definite benefit for low hack pain patients, their 
family, and the doctor. Once patients attend low hack school, 
they are never the same patient again. They realize that there 
is no cure for low hack pain, hut there is control. Often, for 
the first time, patients learn that they are responsible for a 
major portion of their treatment. That is, they must build pa¬ 
rameters into their lifestyle to allow maximal improvement 
to he attained and maintained. Discussed below are some 
studies that reflect the needs and shortcomings of low hack 
school. 

Texas Mandates Back School 

Texas Worker’s Compensation found that 37% of all com¬ 
pensable injuries are related to the hack and pelvis. The aver¬ 
age cost of these injuries per case is $ 18,725.00. In response to 
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these expenses for hack injured workers, Texas is mandating 
hack school in an attempt to reduce costs (1). 

Back School Lowers Cost of Back Care 

After hack school 42% fewer consultations, 59% fewer physi¬ 
cal therapy referrals, and 3 3% fewer imaging procedures were 
ordered. Consultations with hack care physicians in medicine 
or family practice were ordered more frequently than were 
consultations with either neurologists or orthopaedists, which 
reduced the cost of hack care. This change in pattern of care 
took place without significantly altering the clinical course (2). 

A study of a standardized functional restoration program that 
included 1 1 centers in seven states, involving 303 patients in the 
treatment group and 94 patients in the comparison group, found 
that patients demonstrated improved return to work rates and 
work retention after both surgical and nonsurgical patients par¬ 
ticipated in a functional restoration program (3). 

Back School Relieves Back Pain 

A six-session outpatient hospital program had a great imme¬ 
diate and 1 year follow-up impact on patients’ actual physical 
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fitness and on their knowledge of correct body mechanics. 
Patients returned to work sooner, had shorter sick leave 
time, and learned that it is safe to move while regaining func¬ 
tion (4). Intensive exercises, “work-hardening” exercises, or 
expensive equipment were not necessary to regain occupa¬ 
tional function (5). 

Psychological treatment added nothing to the effectiveness 
obtained by a standard exercise rehabilitation program devoid 
of psychological counseling (6). 

Prevention of herniated lumbar discs through education in 
lifting techniques and evaluation through intervention studies 
should be extended beyond the workplace and into the home. 
Lifting 2 5 or more pounds with the knees bent andback straight 
and not extending with the arms or twisting during the lift arc 
justifiable precautions (7). 

The American Back School teaches students to maintain the 
lumbar lordosis while lif ting. Cognitive learning strategics and 
practice in correct lifting were also taught with significant dif¬ 
ferences between the back school group on the cognitive, psy¬ 
chomotor, and affective measures. Results indicate that the 
back school is an effective tool for influencing lifting posture 
and conveying information regarding spinal mechanics and lift¬ 
ing technique. Video programs and control groups did not do 
as well (8). 

Back School Reduces Reinjury, Cost, and Time Lost 

Back school participants had significant reduction of lost work 
time, lost time and medical costs, and number of injuries for 
70 back-injured workers who participated in a 6-wcck back 
school when compared with 70 randomly selected back- 
injured city employees who did not participate in a back school. 
Actual dollars saved in lost time and medical costs between the 
groups was of practical value to the city (9). 

Benefit for Chronic Low Back Pain Disability 

Eighty-one patients with chronic low back pain were randomly 
allocated to a fitness program or control group. Significant dif¬ 
ferences between the groups were shown in the changes before 
and after treatment in scores on the Oswestry low back pain in¬ 
dex, pain report, self-efficacy report, and walking distance 
(10). After completing an intensive rehabilitation program, 
71% of patients reported significant improvements on pain 
severity and interference, depressed mood, and perceived dis¬ 
ability. They also significantly improved their execution of 
repetitive dynamic lifting (11). 

Patients Not Expecting a Cure Have Better Results 

In a study, 71 back pain patients and their therapists (6 chiro¬ 
practors and 6 rheumatologists) showed that congruent pa¬ 
tients seem to accept living with their back problems, whereas 
noncongrucnt patients do not seem to share this conception of 
back pain. Congruence mainly reflects an agreement on the 
treatment goal being the management of a long-term condition 
rather than at the resolution of the back pain problem. Non¬ 
congrucnt patients responded less favorably to treatment and 
the patient-therapist relationship seemed more difficult (12). 


RETURN TO WORK PRINCIPLES 

The goal of back school is to assist return to work for the pa¬ 
tient; therefore, a discussion of return to work principles is in 
order. 

Without Restriction Is Best 

The probability of failure increases significantly with the rec¬ 
ommendation of restricted return to work. The success rate for 
the return to work without restrictions group was 84%, com¬ 
pared with only 47% for the restricted group. The recommen¬ 
dation to limited capacity can become a self-fulfilling prophecy 
and patients see themselves as no longer able to perf orm their 
normal work-related duties. The recommendation to return to 
work unrestricted doubled the number of people who went 
back to full duty (13). The best way a general practitioner can 
play a role in reducing sickness absence is by encouraging an 
early return to work (14). 

Return to Work Index (15, 16) 

Patients (n = 1 34) who returned to work had fewer job, per¬ 
sonal, or family-related problems. No significant differences 
were found between patients who returned to work and those 
who did not when comparing myelograms, computed tomo¬ 
graphic scans, or radiographs. Patients who did not return to 
work had a statistically higher incidence rate of muscle atro¬ 
phy. For patients off for fewer than 6 months, important pre¬ 
dictors were a high Oswestry score, history of leg pain, fam¬ 
ily relocation, short tenure on the job, verbal magnification of 
pain, reports of moderate to severe pain on superficial palpa¬ 
tion, and a positive reaction to a “sham” sciatic tension test 

(15, 16). 

Final Predictive Indices 

Figure 9.87 shows the factors included in the predictive indices 
of Fancourt and Kcttlehut (15) for return to work. Range of 
the index for the sample was 0 to 15, the actual minimal score 
for any patient was 0, the maximal score was 10, and the mean 
was 4.8. The average score of patients returning to work was 
3.9; for those not returning it was 7.2, and the difference was 
significant (P ^ 0.01). 

Figure 9.88 compares the differences in return to work and 
those not returning to work based on the index score. For the 
total sample, the probability of return shifted at the index score 
of 4. Patients scoring more than 4 were not likely to return, 
and those scoring less were likely to return to work (15). 

Younger Disabled Patients More Difficult 
to Rehabilitate 

Younger patients with longer duration of work disability who 
report lower return to work expectations and higher levels of 
perceived disability, pain severity, and focus on bodily sensa¬ 
tions may experience compliance problems during active reha¬ 
bilitation (17). 
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Factor 

Response* 

Q#t 

Total 

Sample 

Time Off Work 
<6 Months >6 Months 

Personal factors/hi story 






Prior workman’s comp injury 

Yes 

1 

1 


1 

Oswestry score 

>55 

2 

1 

1 


History of leg pain 

Yes 

3 

l 

i 


Length off work 

>6 months 

4 

1 

NA 

NA 

Family factors 






Living arrangement 

Other than 

5 

1 

1 

1 


single or married 





Length of living arrangement 

>7 years 

6 

1 


1 

Relocation 

Due to problems 

7 

1 

1 


Employment information 






Employees less than 26 weeks 

Yes 

8 


1 


Fired or terminated 

Yes 

9 

1 



General stress indicators 






Financial difficulty 

Yes 

10 


I 

1 

General coping 

Problems 

1 1 

! 



Non-organic physical signs 






Verbal magnification 

Present 

12 

1 

1 


Superficial palpation 

Moderate/severe tenderness 

1 3 

1 

1 


Sciatic tension (pf) 

Non-negative 

14 

1 

1 

— 

Mixed organic/non-organic signs 






Supine straight leg raise (right or left) 

<90 degrees, either leg 

15 

1 


1 

Lateral bending (right or left) 

Decreased >25% 

16 



1 

Gait 

Uneven or assisted 

17 

1 


1 

Ease of forward flexion 

Slow or difficult 

18 

— 

1 

1 

Deep palpation 

Any tenderness 

19 


I 

1 

Organic physical signs 






Muscle atrophy 

>'A inch 

20 

1 

1 


Sitting straight leg raise 

Inconsistent 

21 



1 

Diagnostic Endings by groups 






None found 


NA 




Possible index values 



0 to 1 5 

0 to 1 2 

Oto 10 

Actual index minimum value 



0 

0 

2 

Actual index maximum value 



10 

10 

9 

Actual index average 



4.8 

4.8 

5.8 

Value for workers returning to work* 



3.9 

3.5 

4.3 

Value for those not returning 



7.2 

6.4 

6.2 


^Selection points for reponses based upon 2X2 analysis using Fishers Exact Statistic All 2 X 2 analysis significant at p 5s 01 
ref ers to Appendix 1 list of questions 
^Differences between each group significant (t-test, p < 01) 


Figure 9.87. Factors included in the predictive indices. (Reprinted with permission from Lancourt J, 
Kettlchut M. Predicting return to work for lower back pain patients receiving worker’s compensation. 
Spine 1992; 17(6):629—640. Copyright 1992, Lippincott-Raven.) 
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‘Each Index Significant ( p^O.OOl) using Chi Square,Testa 


Figure 9.88. Comparison of actual return with predicted return to work. Percentages indicate ratio for 
each category. (Reprinted with permission of Lancourt J, Kettlehut M. Predicting return to work for lower 
hack pain patients receiving worker’s compensation. Spine 1992; 17(6):629—640. Copyright 1992, 
Lippincott-Raven.) 
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Worker's Compensation Patients Have Less Relief 

At the time of discharge, 9 of 10 patients with mechanical low 
hack pain syndrome were working in some capacity compared 
with 5 of 1 1 patients with herniated lumbar disc disease (18). 

Differing Opinion on the Value of 
Back School 

A randomized, placebo-controlled trial study of 473 patients in 
40 general practices assessed the efficacy of exercise therapy for 
acute low back pain. Patients received either exercise instruc¬ 
tion with advice for activities of daily living by a physiothera¬ 
pist, placebo ultrasound therapy by a physiotherapist, or usual 
care by the general practitioner. All patients received analgesic 
agents and information on low back pain before randomization. 
It was concluded that exercise therapy for patients with acute 
low back pain had no advantage over usual care from the gen¬ 
eral practitioner (19). 

For acute work-related low back pain, back school did not 
reduce the time to return to work or the number or duration 
of recurrent episodes of low back pain requiring compensation 
over 1 year compared with identical treatment without back 
school. In addition, no differences were seen between these 
groups for the level of pain, functional status, and spinal mo¬ 
bility in the year after study enrollment (20). 

Satisfaction with Back School Cited 

I have developed and taught a 2-hour low back wellness school 
with patient-involved exercises for the last 20 years. All new 
low back pain patients are invited and urged to attend as soon 
as possible after starting care. The class is held every 2 weeks, 
and the spouse, family members, and friends of the patient are 
invited to attend. Three parts of the school are: 

1. Causes of low back pain: Biomechanics of the lumbar spine 
and pelvis is covered with an explanation of the pain-gener¬ 
ating tissues in the spine (e.g., disc, facet capsule, ligaments, 
and so forth), along with an explanation of the degenerative 
and congenital defects that occur for which no cure exists. 
The patients are told that, although no cure exists for low 
back pain, control is taught in this class. Lumbar disc hernia¬ 
tion is explained and the course of conservative chiropractic 
care is described together with an explanation of the course 
to be taken if chiropractic care is not successful. Home care 
of the back problem is stressed, which includes instruction 
on intradiscal pressure changes by various postures, caution¬ 
ary lifting and bending, home exercises, hot and cold ther¬ 
apy, massage, diet changes and nutritional supplementation, 
bracing, and occupational changes. The monetary cost of low 
back pain to industry, society, and individual suffering is 
taught. Education and qualifications of chiropractic physi¬ 
cians in today’s academic world is covered so the patient 
gains confidence in the doctor’s care and ability. 

2. Ergonomics: The principle, “There is no cure for back pain 
but there is control,” is stressed. The patient is taught 


proper daily lifting habits with emphasis on specific actions 
that require repetitive rotation actions (e.g., hoeing, shov¬ 
eling, starting gasoline engines with pull starters, making a 
bed, changing a tire). 

3. Exercise: Low back pain exercises are performed at the end 
of class so that the patient and accompanying significant oth¬ 
ers are made aware of the proper execution and importance 
of each exercise. 

4. The family members or friends are taught how to apply hot 
and/or cold therapy and liniment massage to the trigger 
points of the lumbar spine and pelvis, which helps increase 
improvement of the patient condition. 

5 . Return to normal activities of daily living are encouraged as 
soon as pain allows. I do not urge prolonged rest, but rather 
ambulation as improvement occurs and increased exercise 
as the patient is capable. 

A positive acceptance of this low back wellness training is 
evidenced by 95% of the 61 patients feeling it was worth their 
time to attend and that they had learned something to prevent 
reinjury in daily living; 1 00% felt it worth the doctor’s time to 
present the class. Low back wellness school is a positive pro¬ 
gram from both the patient’s and the doctor’s viewpoints (21). 

PATHOPHYSIOLOGIC FINDINGS IN BACK 
PAIN PATIENTS 

Disc degeneration was seen more frequently in 48 low back 
pain patients than in the healthy volunteers. Psoas and back 
muscles (erector spinae and multihdus) of the patients were 
smaller than those of the volunteers. Patients had also more fat 
deposits in the back muscles than controls. The maximal iso¬ 
metric strength of trunk muscles of the patients was on average 
weaker than that of the volunteers (22). 

Weak Paraspinal Muscles 

The lumbar back muscles exert a net posterior shear force on 
segments LI to L4, but exert an anterior shear force on L5. 
Collectively, all the back muscles exert great compression 
forces on all segments (23). In low back pain patients the 
paraspinal muscles demonstrate excess fatigability (24). Weak¬ 
ness in both the low back and lower extremity muscles suggests 
that low back pain cannot be explained by selective trunk mus¬ 
cle atrophy. Generalized muscle weakness, from disuse atro¬ 
phy or poorly developed musculature, or from psychological 
factors (e.g., fear of injury) or malingering may cause weak 
paraspinal muscles (25, 26). 

Thirty-six men, aged 45 to 55 years, with healthy low backs 
were studied with respect to body composition, isokinetic and 
isometric trunk strength, trunk muscle endurance, and cross- 
sectional area and radiologic density of erector spinae muscles. 
Results were compared with those of men in the same age group 
with intermittent low back pain and with chronic low back pain. 
Those in the group with a healthy back were significantly 
stronger and had longer trunk muscle endurance times than men 
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with chronic low hack pain. Men with intermittent low hack 
pain had strength and endurance values in between the healthy 
hack and chronic groups. No significant differences were found 
between any of the groups with respect to body composition 
and cross-sectional area of the erector spinae muscles. Radio- 
logic density for erector spinae muscles was significantly de¬ 
creased in the chronic low back pain group compared with the 
healthy back and intermittent low back pain groups (27). 

Muscle Strengthening Benefits Chronic 
Low Back Pain Patients 

Trunk muscle strength was evaluated in 12 3 patients with 
chronic low back pain and 1 26 healthy individuals without low 
back pain (control group). Patients were further divided into 
two groups—those in group 1 had detectable organic lumbar 
lesions and those in group 2 had no detectable organic lesions. 

Trunk muscle exercises reduced low back pain in both 
groups, but they were more effective in group 2 than in 
group 1. 

The exercise-associated increase in trunk muscle strength 
did not completely eliminate the low back pain induced by the 
organic lumbar lesions in group 1. However, increasing trunk 
muscle strength was ef fective in patients in group 2, in whom 
decreased trunk muscle strength was a major factor in chronic 
low back pain (28). 

Symptomatic geriatric women can increase their strength 
with progressive resistance exercise, which leads to a decrease 
in low back pain (29). 

Deconditioning 

The most common physical finding in patients chronically dis¬ 
abled with low back pain is deconditioning. Rehabilitation 
starts, from week 0 to 6, by telling the patient that it is safe to 
move with acute low back pain. In subacute low back pain, 
weeks 6 to 12, active exercise treatment results in 30% fewer 
work days, and cost of care 25% less at 9-month follow-up 
compared with the conventionally treated patients. Transcuta¬ 
neous electrical neuromuscular stimulation (TENS) units 
added no advantage to exercise. 

Manipulation in patients with 14 to 28 days of low back pain 
produced statistically significant improvements in pain and 
function and did not improve outcome compared with no 
treatment in patients with symptoms of less than 14 days or 
more than 28 days (30). 

A 12-week rehabilitation program that addressed physical 
deficits and function, not pain complaints, significantly reduced 
self-reported pain and disability and significantly improved re¬ 
turn to work compared with controls (30). 

Patients with low back pain (n = 40) exhibited significantly 
less upper torso and pelvic motion and lateral trunk flexion 
than those in a control group (n = 40) (31). 

The anterior and posterior neck muscles in patients with os¬ 
teoarthritis of the cervical spine f atigue f aster than those of nor¬ 
mal subjects (32). 


Muscle Atrophy Relates to Spinal Disability 

The fat content of the lumbar back extensor muscles, assessed 
from computed tomograms, showed a positive relationship be¬ 
tween the fat content of the lumbar paraspinal muscles at the 
lumbosacral level and self-reported disability in men. The re¬ 
lationship was weaker in women, and at higher lumbar levels it 
was not found in either sex. CT scan atrophy, an objective clin¬ 
ical measure, seems to correlate with subjective disability (33). 

MRI Detects Muscle Injury 

Magnetic resonance imaging can detect evidence of acute and 
chronic muscle injury (of psoas, multifidus, and longissimus/il- 
iocostalis) with increased signal intensity in injured muscle per¬ 
sisting for as long as several months after the initial injury (34). 

The left sciatic nerve was sectioned in seven of nine rats. Ax¬ 
ial MRI with and without fat suppression were obtained 1, 8, 
1 5, and 29 days postsurgery. Electromyographic (EMG) stud¬ 
ies were performed on two additional nerve-sectioned rats. 
The T2 of denervated muscles become significantly elevated at 
1 5 days apparently because of an increase in water content. 
MRI could be used as a painless, noninvasive technique to re¬ 
veal the pattern of denervation in human muscles. EMG can de¬ 
tect denervation slightly earlier (35). 

Magnetic resonance imaging of the rectus capitis major 
and minor muscles in subjects with chronic pain found dead 
suboccipital skeletal muscle was replaced with fatty tissue. 
This infiltration was not observed in control subjects. Reduc¬ 
tion in proprioceptive afferent activity in affected muscles 
may cause increased facilitation of neural activity that is per¬ 
ceived as pain (36) 

Muscle Degeneration As Common As 
Disc Degeneration 

Lumbar intervertebral discs and paraspinal muscles in 74 
healthy volunteers ranging in age from 19 to 74 years were 
evaluated with MRI, and the occurrence of degeneration was 
correlated to age and body mass. Degenerated back muscles 
were small and contained fat deposits. By contrast, the psoas 
muscles never showed gross fat deposits. Degeneration of both 
the lumbar discs and muscles increased with age. No correla¬ 
tion was found between muscle and overweight. Muscle degen¬ 
eration is as common as disc degeneration in the lumbar area (37). 

Two signs of muscle degeneration, easily detected on MRI 
are (a) atrophy, which is histologically seen in early and ad¬ 
vanced stages of muscle degeneration; and ( b ) deposits of fat 
and connective tissue, which are characteristics of advanced de¬ 
generation (37). 

MUSCLE STRENGTH CAN BE REGAINED 
THROUGH EXERCISE 

Isometric lumbar extension strength can be maintained for up 
to 1 2 weeks with a reduced frequency of training to as low as 
once every 4 weeks when the intensity and the volume of ex- 
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ercisc are maintained (38). Six weeks of extension exercises in¬ 
creased extensor lumbar muscle strength by 22% (39). 

Lumbar extension exercises resulted in decreased pain and 
improved perception of physical and psychosocial functioning in 
chronic back pain patients (n = 54) who had been assigned to a 
10-week exercise program or a wait list control group. Women 
were found to respond better to intensive back exercises than 
men, whereas men responded best to physiotherapy (40). 

Stabilization Procedure for Low Back Pain 
Patients (41) 

Active lumbar stabilization (ALS) is divided into four stages 
representing muscle re-education, static stabilization, dynamic 
stabilization, and functional activities. 

Stage 1 : Oblique abdominal, transversus abdominis, and mul- 
tilidus are facilitated. 

Stage 2 : Lumbar spine is held in mid range while exercising, 
an alignment termed the “neutral position.” 

Stage 3 : Restoration of correct pelvic tilting. 

Stage 4: Proprioceptive training and stabilization activities us¬ 
ing a 65-cm gymnastic ball. 

Multifidus Muscle Atrophy Can Be Reversed 

Maximal or submaximal effort can reverse the selective atro¬ 
phy of type 2 fibers in the multifidus muscles in men. Some 
studies (42) have found little or no association between muscle 
strength and the development of low back symptoms. Other 
studies have shown that trunk muscles of patients with chronic 
low back pain are much weaker than those of healthy individu¬ 
als, the difference being greater in trunk extension than in flex¬ 
ion (42). 

In a porcine model, stimulation of the disc and the facet joint 
capsule produced contractions in multifidus fascicles. Interac¬ 
tive responses may occur between injured or diseased structures 
(e.g., disc or facet joints) and the paraspinal musculature. Acti¬ 
vation of the multifidus muscles may have a stabilizing ef fect, 
constraining the motion of the lumbar spine. Long-standing 
musculature contraction may produce ischemic conditions and 
may be a potential source of pain (43). 

Graded Activity Reduced Sick Leave and Hastened 
Return to Work 

Blue-collar workers who were on sick leave for 8 weeks 
because of subacute, nonspecific, mechanical low back pain 
underwent a graded activity program consisting of four parts: 
(a) measurements of functional capacity; ( b ) a work-place visit; 
(c) back school education; and (J) an individual, submaxi¬ 
mal, gradually increased exercise program, with an operant¬ 
conditioning behavioral approach, based on the results of the 
tests and the demands of the patient’s work. The patients in the 
activity group returned to work significantly earlier than did 
the patients in the control group. The patients in the graded ac¬ 
tivity program learned that it is important to move while re¬ 
gaining function. Intensive exercises, “work-hardening” exer¬ 


cises, or expensive equipment were not necessary to regain oc¬ 
cupational f unction (44). 

Coordination training for patients with chronic low back 
pain is equally as ef fective as endurance training (45). 

Exercise May Influence Nutrition to the Disc 

Improved nutrition of the intervertebral disc induced by mo¬ 
tion and partially by release of endorphins that modify the per¬ 
ception of pain might explain exercise improvement in low 
back pain patients (45). 

No Correlation of Radiograph to Pain Severity 

No correlation of lumbar spine radiographs with back pain 
severity and/or training ef fect is found (45). 

Thixotropy 

Thixotropy is the phenomenon of connective tissue becoming 
more fluid when it is stirred up and more solid when it sits 
without being disturbed. No way is known to prevent the even¬ 
tual drying and stiffening of connective tissues, a process which 
eventually produces wrinkled skin and cranky joints of old age. 
Poor nutrition and sedentary habits weaken all the connective 
tissues of the body, stiffen them, and significantly accelerate 
their biologic aging, even in a young adult (8). 

T rauma causes loss of movement and vitality with loss of the 
vigor required to keep the connective tissue warm, moist, and 
resilient. Manipulation to an anatomic part can raise metabolic 
rate and restore some fluidity to connective tissue. Pressure 
and stretching and the friction they generate can raise the tem¬ 
perature and energy level of the tissue to promote more con¬ 
nective tissue ground substance, which is more soluble and 
ductile. 

Excessive deposits of connective tissue can be palpated as 
thick, lumpy bandaging around joints, as fibrous tissue through¬ 
out an entire area, or as tough fibrotic ropes and cysts in the 
muscle bellies. It is this thickening, shortening, and gluing that 
eventually prevents erect posture and gracef ul motion (8). 

No Relationship Between Weight Loss and 
Low Back Pain Risk 

No apparent evidence in the current literature supports the 
recommendation of weight loss as a treatment for low back 
pain in any patients with a body mass index less than 29.0. Lit¬ 
tle evidence is found that correlates low back pain with obesity 
in a body mass index greater than 29.0. No apparent connec¬ 
tion is seen between fat mass changes and low back pain risk, 
with the possible exception of weight loss in the severely obese 
by means of surgical intervention (46). 

No Difference in Outcomes Between Flexion and 
Extension Exercises 

Flexion and extension exercise groups did not differ in any out¬ 
come over 8 weeks. After 1 week, both exercise groups had re¬ 
duced disability scores, a higher proportion returning to work, 
and fewer subjects with a positive straight-leg raise compared 
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with the control group. No difference was seen among groups 
regarding recurrence of low hack pain after 6 to 1 2 months of 
exercise. However, exercise was slightly more effective than no exer¬ 
cise when patients with acute low back pain were treated (47). 

Muscle Stretching 

Exercise causes significant increases in the static strength of 
hack extensor muscles and in hack muscle myoelectric signal. 
Pain decreases significantly after 2 weeks of continuous treat¬ 
ment (48). 

Hamstring Muscle Principles 

Short hamstrings limit pelvic flexion during forward bending 
with straight knees, hut lumbar flexion range of motion is not 
influenced significantly. People with short hamstrings could 
be more susceptible to low-hack injury than those who have 
normal-sized hamstrings. After maximal pelvic flexion during 
forward bending, further ef f ort could increase the lengthening 
stress on lumbar spine tissues (49, 50). Altered or faulty mo¬ 
tion patterns during forward bending in subjects with a history 
of low hack pain may contribute to high rate of pain recurrence. 
Subjects with a history of low hack pain tend toward tighter 
hamstrings. Improving hamstring flexibility in subjects with a 
history of low hack pain may allow greater hip motion and less 
stress on the lumbar spine during forward bending (51). 

A 3-weck program of hamstring muscle stretching (a) will 
not alter standing lumbar and pelvic postures, ( b ) will produce 
greater forward bending as a result of increased motion at the 
hips, and (c) may alter the pattern of lumbar and hip motion 
during forward bending (52). 

Time and Heat Effect on Hamstring Muscles 

Stretching for 30 seconds is ef fective in enhancing the flexibil¬ 
ity of the hamstring muscles. No increase in their flexibility oc¬ 
curred by increasing the duration of stretching from 30 to 60 
seconds. However, 1 5 seconds of stretching was no more ef¬ 
fective than no stretching (5 3). Application of a superficial 
heating or cooling modality to the hamstring muscles did not 
improve the efficacy of static stretching (54). 

No Difference in Fitness for Those With or 
Without Low Back Pain 

Range of motion, symptoms, straight leg raise, strength, phys¬ 
ical ability, reduced propensity for low back impairment, pain 
episodes, and grip strength were found no different between 
controls and back-injured persons. Both groups were classified 
as deconditioncd by fitness testing (55). 

N o differences were reported in low back pain episodes, ab¬ 
dominal muscle strength, and grip strength between experi¬ 
mental and control groups (56). No evidence indicates that 
prcplaccmcnt back strength testing would predict workplace 
claims of injury (57). Among patients with acute low back pain, 
continuing ordinary activities within the limits permitted by 
the pain leads to more rapid recovery than either bed rest or 
back-mobilizing exercises (58). Posture training supports for 


osteoporosis patients (n = 45) showed that back extensor 
strength can increase in patients who comply with its use and a 
postural exercise program (59). 

LOW BACK BELT SUPPORTS 

Controversy exists regarding whether low back belt supports 
are helpful. As large companies such as Coca-Cola and Wal- 
Mart adopt the use of back belts to reduce injuries, attention 
has focused on arguments in favor of using back belts. The truth 
is somewhat different (32). Low back belt use can cause a lack 
of neuromuscular coordination of the abdominal muscles (60). 

American Airlines, in a study of 642 baggage handlers, found 
no significant differences in rates of total lumbar injury incidents, 
lost workdays and restricted workdays, and Workers’ Compen¬ 
sation claims. Participants who wore the belt for a while and then 
discontinued its use had a higher lost day case injury incident rate 
than the control group workers who did not wear the belts (60). 
Compliance was a major problem, with the overriding complaint 
about the belt being it is too hot. Other complains are sore backs, 
shortness of breath, stomach pains, numbness, and upper back 
strain. Only 5 of the 642 employees reported that the belts re¬ 
minded them of proper lifting techniques. 

Weight-lif ting belts arc not the solution in reducing injuries. 
Injury rate was significantly higher in employees who used the 
belt and then discontinued use. Belts lead to weakening of the 
abdominal muscles and are clearly not recommended (60). 
Workplace modifications, optional belt wearing, employee ed¬ 
ucation, and exercise to counter weakened abdominal muscles 
are recommended (60). 

Back Belts Do Not Reduce Risk of 
Back Injury 

Use of a lumbar belt does not enhance isometric lumbar mus¬ 
cle strength or dynamic lifting capacity (61). The magnitude of 
increased lifting ability in women, although statistically signifi¬ 
cant, is not suf ficient to advocate the use of lumbosacral sup¬ 
port belts to increase lifting capacity (62). 

No evidence indicates that wearing back belts reduces the 
risk of back injury among otherwise healthy workers; workers 
wearing back belts can increase their risk of injury by attempt¬ 
ing “to lift even more with the belt than they would have with¬ 
out it.” Little evidence is found that lumbar belts are any more 
capable of strengthening the spine or preventing back injuries 
than a cummerbund on a tuxedo (63). 

Lumbar belts do not prevent back injuries or lost work time. 
In fact, the longest study to date suggests that wearing a lum¬ 
bar belt and then discontinuing its use may increase injury 
rates. Costs for injuries incurred while wearing a belt were sig¬ 
nificantly higher than injuries sustained without a belt (64). 

The National Institute of Occupational Safety and Health 
(NIOSH) states that the value of back belts in the workplace is 
as yet unproved, and that they may slightly increase the chance 
of back injuries. A company policy regarding back belts should 
make wearing one voluntary, not mandatory (65). 
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The value of wearing a back belt in the workplace is un¬ 
proved, and their wear may slightly increase the chance of back 
injury. Wearing them should be voluntary (66). Evidence sug¬ 
gests that the use of weight belts changed performance or af¬ 
fected strength and endurance in persons without hack prob¬ 
lems. No difference in hack injury was seen in an 8-month 
period between airline baggage handlers who were randomized 
to wearing or not wearing hack supports (67). 

Some workers consider the belt beneficial, and others con¬ 
sider it an impediment. It really comes down to who is made 
happy when a belt is worn—the employer or the worker (68). 


Lumbar Belt Wearers Need to Be Screened 
for Cardiovascular Disease 

Workers who perceive a benefit to belt wearing should wear a 
belt on a trial basis if they satisfy the following criteria: 


1. Given the concerns regarding increased blood pressure and 
heart rate while wearing a belt, all candidates for lumbar 
belts should he screened for cardiovascular risk by medical 
personnel. 

2. Because of the concern that belt wearing provides a false 
sense of security about lifting ability, all belt users must he 
educated on lifting mechanics. 

3. Belts should he not prescribed until a full ergonomic assess¬ 
ment has been made of a worker’s job. 

4. Belts should not he considered for long-term use (69). 


A study found that hack support devices reduced low hack 
injuries by about one third in a study of 36,000 Home Depot 
Inc. employees between 1989—1994 (70). 


WHAT IS THE BEST LIFTING POSTURE? 

Back Muscle Forces in Flexion Similar to 
Upright Posture 

Compression forces and moments exerted by the hack muscles 
in full llexion are not significantly different from those pro¬ 
duced in the upright posture (71). 


Anterior Pelvis Suggested As Safest 
Lift Posture 

The effect of two different alignments of the pelvis and three 
different loads on electromyographic activity of the erector 
spinae and oblique abdominal muscles during squat lifting and 
lowering was studied. Each of 1 5 healthy subjects lifted and 
lowered loads using two different techniques: the pelvis 
aligned in an anterior tilt and in a posterior tilt. The results SLig- 
gest that the greater trunk muscle activity occurring with the 
anterior tilt position may ensure optimal muscular support for 
the spine while handling loads, thereby reducing the risk for 
low hack injury (72). 


Lumbar Lordosis Is Best Lift Posture 

Seven muscles in 17 healthy men were analyzed: rectus ab¬ 
dominis, abdominal obliques, erector spinae, latissimus 
dorsi, gluteus maximus, biceps femoris, and semitendinosus 
during three squat lifts with a 1 57-N crate with the spine in 
both a lordotic and kyphotic posture. The increased erector 
spinae EMG activity seen in the lordotic lift in the first quar¬ 
ter of the lift SLiggests its greater involvement in lumbar spine 
support. Lifting with the lumbar spine in lordosis is felt to be 
advantageous (58). 

Safest Lift Is with a Flexed Spine 

Lifting a moderate or heavy load with a flexed spine does not 
unduly stress the lumbar spine. Mayer teaches his patients that 
the natural lifting style is with slightly bent knees and flexed 
spine and hips. He sees no concrete evidence that this technique 
developed through thousands of years of evolution should he 
changed by the I imited understanding of back pain gained in the 
last 50 years. He notes that back school trained persons invari¬ 
ably return to this traditional style of lifting when not super¬ 
vised (73). 

The L2—L3 and L4—L5 motion segments were studied in ca¬ 
davers by taking stress profiles of the segments with the spinal 
segments at 0 and 75% of full flexion after loading the spines 
with 500 to 2000 N of force. A minimal force of 500 N showed 
spinal flexion to increase both pressure in the nucleus and stress 
in the front of the disc anulus. At first this bolstered the idea of 
a lordotic lift posture. But when 2000 N of force was applied 
to the motion segments, flexion no longer increased nuclear 
pressure and the peak stress on the posterior anulus was reduced. 

Flexed spinal sections are slightly stronger than lordotic 
posture segments (73) and: 

1. When lifting heavy objects, a flexed posture does not greatly 
raise pressure within the disc. 

2. At high load levels, the anterior anulus “stress shields” the 
nucleus in flexed postures. 

3. Lordotic postures do not strengthen the spine, hut expose 
the posterior structure of the spine to excessively high stress 
loads. 

4. Intradiscal pressure only increased in low load levels, and 
high load levels showed no advantage to lordotic postures 
when lifting. 

5. A lordotic posture should not he advocated during manual 
labor. Avoid lordosis in bending and working continuously. 

6. Moderate or high compressive loads on the lumbar spine 
will produce high stresses on the apophyseal joints when lor¬ 
dosis is maintained while lifting. 

Note: One point of flexion-distraction manipulation is to 
unload the apophysial joints and reduce stenotic factors in 
the posterior arch of the motion unit, while allowing in¬ 
tradiscal pressure to drop and disc protrusion to reduce. 
This study by Adams (73) does a lot to confirm my past con¬ 
cepts. Other studies show similar findings (74—76). 

7. Workers can lift safely in postures that are within the nor¬ 
mal range of flexion if they observe good body mechanics. 
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8. Bogduk (73) states that the flexed spine is not a weakened 
or particularly vulnerable structure. It is protected from in¬ 
jury during flexion by the posterior ligaments, the interver¬ 
tebral discs, and the hack muscles. Normal discs suffer acute 
herniations only with severe hyperflexion injuries involving 
forces and ranges of motion well outside the normal range 
of activities of daily living. 

Flat Lumbar Lordosis During Lifting to 
Avoid Injury 

Lumbar “motion segments,” consisting of two vertebrae and 
the intervening disc and ligaments in cadavers were com¬ 
pressed while positioned in various angles of flexion and ex¬ 
tension. Extension caused the apophyseal joints to become 
load-hearing, and damage occurred at compressive loads as low 
as 500 N. Flexion angles greater than 75% of the full range of 
flexion (as defined by the posterior ligaments) generated high 
tensile forces in these ligaments and caused substantial in¬ 
creases in intradiscal pressure. The optimal range for resisting 
compression, theref ore, appeared to he 0 to 75% flexion (77). 
At 0% flexion high stress concentrations occur in the posterior 
anulus of many discs, whereas an even distribution of stress was 
usually found at 75% flexion. No significant difference is seen 
in the compressive strength of motion segments positioned in 
0 and 75% flexion. Moderate flexion is preferred when the 
lumbar spine is subjected to high compressive forces, and nor¬ 
mal lumbar lordosis should he flattened during manual handling 
to avoid injury to the osseoligamentous lumbar spine (77). 

Farfan (78) wrote that in the flexed position, compression is 
increased in the disc. The facet joints are jammed into close 
contact, and torque transmission is increased. Both ligament 
systems are tightened and hacked up by all the abdominal mus¬ 
cles. In this position, the spine is in its most rigid mode and in 
the best position to avoid damage. It is in the best position to 
be adopted for peak perf ormance at all times. 

Leg Lifting Is Not Always Better Than Back 
Lifting Posture 

It appears that lifting with the back rather than the legs mini¬ 
mizes the energy required to move the body and load mass 
combination. Although it was commonly believed that “back 
lifting” was more stressful than “leg lifting,” this is not always 
the case (79). 

Minimizing the distance of the load from the lumbar spine is 
the most important principle when lifting loads. A heavy load 
held close to the body when lifted is much less hazardous to the 
back than when held away from the body. As the horizontal dis¬ 
tance at the start of a lift increases, the peak moment acting on 
the lumbar spine also increases, but the increase is nonlinear. 
The moment magnitude influence of horizontal distance of the 
object is such that as the distance changes from 20 to 40 cm, the 
distance-related rate of increase is approximately one half of 
that occurring with a distance change from 40 to 60 cm (80). 


Flexed Knee, Straight Back Is Not Best 
Lifting Technique 

The cumulative trauma model attributes low back pain to a com¬ 
bination of gradual spinal degeneration and prolonged expo¬ 
sure to compressive loads (81). 

The B-200, a triaxial dynamometer, was used to determine 
the ef fects of standing postures at upright (0°) and at 1 5° and 
3 5° of trunk-flexed positions on the triaxial torque-generating 
capabilities of the trunk and EMG activities of selected trunk 
muscles (erector spinae, latissimus dorsi, oblique and rectus 
abdominis muscles) during maximal and submaximal isometric 
trunk extension. 

As the trunk was flexed from 0° to 1 5° to 35°, the erector 
spinae and latissimus dorsi muscles showed significantly in¬ 
creasing EMG activity. For the abdominal oblique muscles, 
however, the EMG activity decreased significantly as the trunk- 
flexion angle increased. In all tests, the rectus abdominus mus¬ 
cles were silent. 

Trunk-flexed posture up to 35° was measured because 
most trunk activities (e.g., manual material handling and lift¬ 
ing) occur in the sagittal plane with the trunk slightly Hexed 
to approximately 36°. Also, prolonged standing and pro¬ 
longed stooping had been shown to be associated with low 
back pain (81). 

Neuromuscular Efficiency Ratio 

When the neuromuscular efficiency ratio (NMER) was ana¬ 
lyzed during 100% of maximal voluntary exertion (MVE) only, 
both the erector spinae and the latissimus dorsi muscle groups 
showed signilicant increase in NMER as the trunk was flexed 
from 0° to 35°. 

The findings that NMER and torque-generating capacities of 
the trunk are both increased at higher trunk-flexion angle does 
not seem to support the conventional wisdom of recommend¬ 
ing lifting with straight back and bent knees. In many work¬ 
places, the straight-back and bent-knees lifting technique does 
not seem to be realistic. In fact, as the load increased during 
repetitive freestyle lifting, a tendency was seen to lift more 
with back muscles and less with leg muscles (i.e., with straight 
legs) to reduce metabolic costs (81). 

Static Posture Promotes Muscular Ischemia 

Prolonged static posture fosters continuous muscular con¬ 
tractions creating muscular ischemia. Local muscular is¬ 
chemia is believed to cause disorders at the insertion site of 
tendons, ligaments, and articular capsules. Static spine pos¬ 
tures also restrict the fluid flow and the nutrition of the in¬ 
tervertebral disc (79). 

Chronic Low Back Pain Patients Do Not Have Restricted 
Lumbar Flexion 

Lumbar flexion was not reduced in chronic low back pain pa¬ 
tients, which may explain some of the current thought casting 
doubt on the presence of any true anatomic or structural im¬ 
pairment in chronic low back pain patients (16). 
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Chiropractic adjustments can be applied to these patients 
with an expectation of pain relief and increased mobility. The 
techniques must he applied carefully, with complete awareness 
of patient discomfort, applying low-force levered manipulative 
adjustments to the intervertebral disc and facet joint spaces. Re¬ 
member that the greater the arthrotic change present, the less 
force must he used in the application of the adjustment. The 
facets are tested individually as they are moved through their 
physiologic ranges of motion. The presence of pain during test- 
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ing precludes the use of that particular levered motion with the 
instrument. The application of such manipulative adjustive tech¬ 
niques will be described in the case discussed below. 

Case 1 

A 71-year-old white woman was seen complaining primarily of 
pain in the lumbar spine, with some radiating pain into the tho¬ 
racic spine in the T6 to T12 area bilaterally. The chief pain was at 
the L3-L4 level, and it was more severe on the right side of the 
spine. To complicate the pain scenario, this patient had gallblad¬ 
der dysfunction that caused her pain in the right abdomen and 
spine, for which she was under treatment. Her spinal pain had 
progressed to the point where it awakened her at night after ap¬ 
proximately 4 hours of sleep. Examination revealed normal vital 
signs, normal urine analysis, the abdomen negative for masses or 
pain at the time of examination, and no other cause for her spinal 
discomfort aside from the degenerative scoliosis. 

Radiographic examination (Figs. 9.89 and 9.90) showed a lev- 
orotatory degenerative scoliosis of the lumbar spine with the 
apex at the L3-L4 level and an L3-L4 vacuum phenomenon pre¬ 
sent. The lateral view (Fig. 9.90) reveals the extensive degenera¬ 
tive state of the L3-L4 disc. The extensive atherosclerosis of the 
abdominal aorta was noted, which creates an awareness of ap¬ 
plying any pressure to this abdomen. 

My impression was that a degenerative levoscoliosis of the 
lumbar spine was a major cause of this patient's pain. She re¬ 
membered having been told of a minor curve in her younger 
years. 

Again, I want to stress that total relief of this patient's pain is 
impossible. The goal was to attain some measure of relief and im¬ 



Figure 9.89. Degenerative levorotatory scoliosis of the lumbar spine 
with the apex at the L3—L4 level and osteochondrosis of this disc space 
noted. Atherosclerosis ol the abdominal aorta is seen. 


proved quality of life. To that end, the following chiropractic ad¬ 
justments were applied. 

Figure 9.91 shows thoracic rotatory movement applied to the 
lumbar segments. Grasping the spinous process of the lumbar 
segment, the vertebral segment was gently placed into right and 
left rotation. More rotation to the left was used in an attempt to 
gently derotate the left posterior rotatory subluxation of the ver¬ 
tebral body. (We certainly realized that Wolff's law had altered 
structure so that no permanent correction of the subluxation was 




Figure 9.90. Lateral projection of the patient seen in Figure 9.89 
shows the L3—L4 advanced degenerative disc disease with loss ol lordotic 
curve. The intervertebral foramina at the midlumbar levels appear nar¬ 
rowed sagittally and vertically compared with the upper lumbar levels. 
The aortic arteriosclerosis is seen. 



Figure 9.91. The left posterior lumbar vertebral body rotations are 
adjusted by rotating the thoracic section ol the table to allow the left ver¬ 
tebral body rotation to rotate anteriorly as the spinous process ol the seg¬ 
ment being manipulated is held in the midline. 
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possible.) The goal was to restore maximal motion to this seg¬ 
ment. This movement as shown in Figure 9.91 was repeated to 
each lumbar segment from LI to L4. 

Figure 9.92 shows maintenance of the left derotation move¬ 
ment of the thoracic section on which the lumbar segments had 
just been derotated. Contact was made well above the rotatory 
scoliosis, in this case at the lower thoracic segments, and gentle 
distraction applied to the spine by taking the caudal section of 
the table downward slowly while lifting the spinous process of 
the thoracic segment with thenar contact of the right hand. Mov¬ 
ing down, one vertebra at a time, careful and gentle slight dis¬ 
traction was applied to the L4 segment. 

Figure 9.93 shows the lateral flexion of the caudal section of 
the table to the leftside to gently stretch the lumbar scoliosis into 
its left convexity. Here, therefore, three movements—flexion, left 
derotation, and left lateral flexion—were applied to the lumbar 
levoscoliotic curve. (Note: If the patient felt any discomfort to any 
such motion, the adjustment would be stopped and only motion 
applied that caused no discomfort.) 

If the patient felt too much discomfort to lie prone, or if the 
treatment caused discomfort when lying on the abdomen, treat¬ 
ment was applied with the patient lying on the side. 

Figure 9.94 shows the patient lying on the side with the con- 



Figure 9.92. The left posterior lumbar vertebral body rotation sub¬ 
luxations are held in dcrotation by locking the midsection of the adjust¬ 
ing table in the position of derotation. Distraction is then applied by plac¬ 
ing the thenar contact of the right band under the spinous process of the 
vertebrae above the scoliotic curve. The caudal section of the table is then 
placed into downward distinctive position. This figure shows a coupled 
adjustment of 1 eft dcrotation and traction being supplied. 



Figure 9.93. With left dcrotation and traction applied, gentle left lat¬ 
eral flexion of the spine is introduced by placing the caudal section of the 
instrument into left lateral flexion. This is done very gently, with patient 
comfort monitored at all times. 


vexity—in this case, the left side—down on the table. This was 
done to allow reduction of the levorotation component of the 
curve to a slight degree, and, depending on patient tolerance, 
lowering the caudal section of the table as shown in Figure 9.94. 
The spinous process of the lumbar vertebra was contacted , as 
shown in Figure 9.95, and the table brought into forward lateral 
motion to apply a mild flexion to the lumbar spine while palpat¬ 
ing the interspinous space for fanning (opening of the inter- 
spinous space). Figure 9.96 shows the lumbar spine being placed 
into mild, carefully controlled extension while feeling the inter¬ 
spinous spacing for motion. The lumbar spine could also be 
placed in flexion or extension by moving the caudal section of the 
table laterally, and while in this position applying a downward 
motion with the caudal section to laterally flex and derotate the 
lumbar spine. All such adjustments are done very slowly and care¬ 
fully while monitoring patient comfort or complaint. 

Figure 9.97 shows the foramen magnum pump technique ap¬ 
plied. Here the basiocciput is cradled in the hand and full spine 



Figure 9.94. For patients who feel pain when treated lying on the ab¬ 
domen, the adjustment can be delivered with the patient lying on the 
side, as shown here. When treating the spine shown in Figures 9.89 and 
9.90, we would have the patient lie on the left side to allow the levoro- 
tation of the lumbar segments to be reduced by posture alone. A small 
pillow may also be placed under the lumbar spine to enhance the effect 
of reducing the left lumbar spinal curvature. Note: by placing the caudal 
section of the table into flexion, vou can see that lateral flexion of the lum- 
bar spine is applied. 



Figure 9.95. Traction is applied by forward bending of the caudal sec¬ 
tion of the table to open the lumbar spinous processes. The doctor's right 
hand palpates the spinous processes to detect fanning (opening of the 
spinous processes) while this maneuver is carried out. Note: in patients 
with atherosclerosis of the abdominal aorta, this form of care prevents 
pressure on the arterial system. 
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Figure 9.96. Extension can also be applied by lateral bending of the 
caudal section posteriorly while again monitoring the interspinous spaces 
with the palpating hand. 



Figure 9.97. Foramen magnum pump technique applied for full spine 
distraction adjustment. Here the basiocciput is cradled in the doctor’s 
right hand. Downward caudal traction is applied while the occiput is gen¬ 
tly lilted cephalad. Upper cervical tension, headaches, cervical muscle 
spasm, zygapophysial degeneration and subluxation, discal degeneration, 
and cephalic tension arc helped by this technique. 



Figure 9.98. The traction shown in Figure 9.97 is continued down the 
cervical spine by contacting the spinous processes and laminae of each cer¬ 
vical vertebra and repeating the distractive pull until separation of the in¬ 
terspinous space is felt. As you continue down the cervical spine, the tho¬ 
racic spinous processes are lelt to press into the web between the thumb 
and index linger. At that time firmly contact the thoracic spinous processes 
between the web of the thumb and index linger, and continue to apply the 
cephalad distraction throughout the thoracic spine. This can be carried out 
throughout the scoliotic curve. Always be mindful of patient comfort 
when applying the technique. Monitor patient comfort at all times. 


distraction applied. This results in a mild full spinal tractive force 
and patients often state that they feel as though it would feel 
good if someone pulled them apart. I think they are stating that 
the effects of gravity in compression of the spine are painful to 
their disc, facets, and supporting elements. The foramen mag¬ 
num pump is used in many conditions, one of which is degener¬ 
ative scoliosis, but always slowly and gently, as patient tolerance 
allows. Figure 9.98 demonstrates how this distraction is contin¬ 
ued down into the thoracic spine by tractioning the thoracic 
segment spinous process cephalad, grasping it in the web of the 
contact hand between the thumb and first finger. Downward dis¬ 
traction is applied gently with the caudal section of the table as 
the spinous contact is lifted cephalad. 

Other treatment of this patient included home exercises con¬ 
sisting of gentle knee-chest procedures. The patient was told to 
precede these exercises by applying 15 minutes of heat to the low 
back, followed by 10 minutes of cold, followed again by 15 min¬ 
utes of heat. This relaxes the spinal muscles and makes the exer¬ 
cises less irritating. In this type of case, knee-chest is the only ma¬ 
neuver we recommend for home exercise. Too many exercises 
tend to aggravate this type of spine. The chiropractic adjustment 
was followed with positive galvanic current into the L3-L4 area 
and then mild tetanizing currents to the paravertebral muscles 
from L1-L2 to L4-L5, with moist heat applied concurrently with 
15 minutes of electrical stimulation. This patient attended low 
back wellness school to learn the proper ways to lift, bend, and 
twist in daily living, to reduce strain to her spine. She also was 
given 1000 mg of nonphosphorous calcium per day to take orally 
and encouraged to walk as much as her stamina allowed. 

This combination of therapy was applied three times weekly 
for 3 weeks and then two times weekly for 2 weeks, with the re¬ 
sult that the patient reported approximately 50% relief and cer¬ 
tainly felt positive about having undergone this conservative ap¬ 
proach to her problem. In the end, success is achieved when the 
patient feels that the relief obtained is greater than the expense 
or inconvenience of therapy. 


Discogenic Spondyloarthrosis 

The most common condition seen in a manipulative practice is 
probably the degenerative disc with resultant Facet weight¬ 
hearing increase, which results in the clinical entities of Facet 
arthrosis and disc spondylosis that result in a condition termed 
“discogenic spondyloarthrosis.” Middle-aged to elderly people 
are susceptible to this condition as the nucleus pulposus dehy¬ 
drates; the opposing vertebral body plates approximate one an¬ 
other, with loss oF disc space height and subchondral end plate 
sclerosis. The person becomes shorter in stature and may be¬ 
come stooped iF stenosis oF the canal accompanies these 
changes. Such stooped posture aFFords a greater sagittal diame¬ 
ter oF the vertebral canal. These patients oFten state that it 
would Feel good iF somehow they could be “pulled apart” or 
tractioned. This condition, thereFore, can be eFFectively treated 
by flexion distraction adjustments while monitoring patient 
tolerance. 

By working within patient tolerance, the doctor can distract 
the specific disc space and Facet joints while placing the Facet 
joints through their normal ranges of motion, which are flexion, 
extension, lateral flexion, circumduction, and rotation. A vertebra 
capable of perf orming its physiologic ranges of motion is less 
encumbered with subluxation and the resulting nerve root ir¬ 
ritations accompanying it. This technique can increase the 
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Figure 9.99. Note the levorotation of the lumbar segments, the loss 
of disc space and hypertrophic changes of the anterior lateral body plates 
at L3—L4 and L4-L5, and the transitional changes of the L5 segment. 

range of motion of an articulation previously considered de¬ 
generated and nonmobile until the patient is pain-free, or at 
least in less pain, and is able to perform a range of motion not 
previously possible. 

Figures 9.99—9.101 present a typical case seen in clinical 
practice almost daily. Figures 9.99 and 9.100 arc the antero¬ 
posterior and lateral views showing degeneration of the lower 
three lumbar discs, with the oblique view in Figure 9.101 re¬ 
vealing the facet imbrication that follows disc degeneration and 
the resultant increased weightbearing on the facet. This causes 
the facet joint to imbricate upward into the intervertebral fora¬ 
men, resulting in lateral recess stenosis. Note that the inferior 
facet of the L4 vertebra tends to contact the lamina of the L5 
vertebra below, which results in periosteal reaction with scle¬ 
rosis. This has been termed “facet-lamina syndrome” and is 
considered a source of pain. Also note how the superior facet 
tends to telescope upward to contact the pedicle of the verte¬ 
bra above, resulting in periosteal sclerosis as well, which is 
shown in Figure 9.101. 

Treatment 

In Figure 9.102, flexion is being applied to each lumbar disc 
space and facet facing. By maintaining hand contact with the 
spinous process of each lumbar and thoracic vertebra, the 
downward pressure on the caudal section of the table allows 
stretching and spreading apart of each f unctional spinal unit. 


Testing for patient tolerance of traction, as demonstrated in 
Figure 9.103, is perf ormed before the ankle cuffs are applied. 
This is done by grasping the ankle and applying traction while 
asking whether the patient feels any pain in the low back. Mus¬ 
cle resistance can be felt in patients who cannot tolerate trac¬ 
tion. If no pain is felt, the cuffs are attached and flexion is ap¬ 
plied as shown in Figure 9.102. 

Lateral flexion, demonstrated in Figure 9.104, is perf ormed 
by grasping the spinous process of each lumbar segment indi¬ 
vidually between the thumb and index finger (Figure 9.105). 
Motion palpation is elicited by testing the ability of the articu¬ 
lar facets to bend laterally during movement of the caudal sec¬ 
tion of the table in lateral flexion. Hypomobility is evidenced 
by resistance to movement laterally, pain to the patient, or 
both. 

Circumduction, which is a combination of lateral flexion 
and plain flexion, is demonstrated in Figure 9.106. This cou¬ 
pled movement of the table allows full range of motion of the 
facet and is ef fective in restoring mobility to the facet. 

Rotation, as demonstrated in Figure 9.107, is applied by 
rotating the caudal section of the table while the vertebral seg¬ 
ment is held in resistance. Traction can be applied prior to this 
movement and maintained during rotation by leaving the an¬ 
kle cuffs on the patient and opening the caudal section of the 
table. Keep in mind that L4-L5 and L5—S1 have restricted 



Figure 9.100. Lateral view of Figure 9.99 shows degenerative L3—L4 
and L4—L5 disc disease with stenosis of the intervertebral foramina at 
these levels. The rudimentary disc of 1.5—SI is seen at this level oftran- 

J 

sitional segment. This is Bertolotti’s syndrome (i.c., a transitional L5 seg¬ 
ment with degenerative disc disease at the disc level above). 
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Figure 9.101. Oblique views of the patient seen in Figures 9.99 and 
9.100 show the L3—L4 and L4-L5 facet joints to have loss of joint space 
with subchondral sclerosis, and to imbricate superiorly into the interver¬ 
tebral foramen to create stenosis of the osseoligamentous canal. With this 
imbrication, we find that the superior tip of the superior facet contacts 
the pedicle of the vertebra above and the inferior tip of the inferior facet 
contacts the lamina of the vertebra below. This creates some periosteal 
reaction, which could be a source of back pain. This is termed the facet- 
lamina or facet-pedicle syndrome. 




Figure 9.103. Testing patient tolerance to distraction bef ore applying 
distraction cuffs. 



Figure 9.104. Lateral flexion being applied to the articular f acets. 



Figure 9.102. Flexion-distraction manipulation. 


Figure 9.105. Grasping of the spinous process above the facets to be 
motion-palpated and manipulated. 
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Figure 9.106. Circumduction manipulation. 



Figure 9.107. Rotation being applied to the thoracolumbar spine. 

ranges of motion in rotation and should not be forced into ro¬ 
tation. The upper lumbar and thoracic segments are capable of 
rotation. 

Rotation and flexion as applied simultaneously to the upper 
lumbar and thoracic segments are demonstrated in Figure 
9.108. This coupled mobilization is powerful and must be done 
to patient tolerance. 

Goading of acupressure bladder meridian points B24 and 
B35, as demonstrated in Figure 9.109, is performed prior to 
and after distraction. 

Deep pressure into the belly of the gluteus maximus muscle 
and bladder meridian point B49, as demonstrated in Figure 
9.1 10, is used to relieve the pain of sciatica. 

Pressure being applied to the adductor and gracilis tendons 
at their origin is demonstrated in Figure 9.1 1 1; pressure being 
applied to their insertions on the medial femur and medial 
condyle of the tibia is demonstrated in Figure 9.1 12. 

Application of the “foramen magnum pump” is demon¬ 
strated in Figure 9.1 1 3. It is performed by grasping the oc¬ 
ciput while applying traction to the full spine with caudal dis¬ 
traction. 

The application of heat and sinusoidal muscle stimulation or 
ultrasound with sinusoidal currents, either before or after ma¬ 
nipulation, also provides relief from pain for patients with 
discogenic spondyloarthrosis. 

•thcr considerations important in the treatment of the pa¬ 
tient with a degenerative low back include: 


1. Nutrition. Osteoporosis is a common accompanying factor 
with the older spine. Therefore, amino acids are needed to 
build osteoid tissue and calcium is needed to aid in bone os¬ 
sification. Supplements of these are recommended and pre¬ 
scribed. Manganese (500 to 800 mg/day), which is an in¬ 
gredient of Discat, a nutritional supplement containing 
glucosaminoglycan, is also prescribed. Niacin (200 mg/day) 
and vitamin B 6 (1 50 mg/day) are also recommended. Bowel 
alkalinity depresses the absorption of calcium and, because 
o/ the low output of HCI and enzymes in the elderly , may 
cause osteoporosis and endocrine Iryposecretion. Thus, di¬ 
gestive enzymes are also prescribed. 

2. Exercise. Walking improves the circulation and increases 
the muscular activity of the paravertebral musculature, 
thereby enhancing the flow of nutrients to the bone tissue 
and the elimination of waste materials. Thus, exercise is rec¬ 
ommended for patients with discogenic spondyloarthrosis. 

3. The gracilis tendon should be tested and strengthened. 

4. Low back wellness school is presented to these patients so 
that they learn the proper methods of lifting, bending, and 
twisting in daily living. They are shown how to perform the 
Cox exercises. If patients are not drilled on these exercises, 
or if they are merely given a sheet of exercises and told to 
do them, either they will not do them or, even worse, do 
them incorrectly. A videotape of the entire exercise pro¬ 
gram is given to the patient to follow and perform at home. 

Compression Fracture of the Thoracic or 
Lumbar Vertebral Bodies 

The treatment described here is intended for the compression- 
type fractures that result in trapezoid-shaped vertebral bodies. 
Pathologic compression fractures arc not treated with a ma¬ 
nipulative adjustment approach. Figures 9.114 and 9.115 show 
serial studies of a compression fracture of the ninth thoracic 
vertebral body following a fall. The radiograph in Figure 9.11 5 
was taken 4 months following the radiograph in Figure 9.114, 
thus showing the progressive nature of the compression frac¬ 
ture. Remember that fracture severity can increase in the 
weeks following the initial injury and its discovery. This is es¬ 
pecially true in the osteoporotic elderly female spine. 

The treatment of the fracture seen in Figures 9.1 14 and 
9.1 15 is shown in Figures 9.116—9.118. For further treatment 
technique for compression defects, see Figure 9.37. 

Long-Term Results of Conservative Care of 
Thoracolumbar Fractures 

A long-term study of 2 1 6 patients without neurologic compli¬ 
cations who sustained thoracolumbar compression fractures 
was carried out for an average of 9 years. The functional results 
of single versus multiple fractures were no different, nor was 
the degree of spontaneous fusion found to cause any statistical 
difference in the functional outcome. No correlation was found 
between reduction in vertebral height, encroachment on the 
spinal canal, and persistent kyphotic deformities. It was con¬ 
cluded that nonoperativc treatment of these fractures was a 
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Figure 9.108. Rotation and flexion distraction being applied simulta¬ 
neously. 

J 




Figure 9.109. Acuj pressure points B24 to B 3 5 being goaded. 



Figure 9.111. Goading of the adductor and gracilis tendons at their 
origins. 



Figure 9.112. Insertion of the gracilis tendon being goaded at the me¬ 

dial tibial condyle. 



Figure 9.110. Acupressure being applied to the gluteus maximus and 
bladder meridian point B49. 


Figure 9.113. Application of the ‘‘foramen magnum pump” in full 
spine occipital distraction. 
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Figure 9.114. The ninth thoracic vertebra shows compression frac¬ 
ture and about 60% loss of the normal height. This is the result of a fall. 


sound method and that attempts at surgical reduction were not 
justifiable. None of the 2 16 patients required surgical reduction 
because of persistent symptoms (1). 

Weinstein et al. (2) also found that nonoperative treatment 
of thoracolumbar hurst fractures was a viable alternative to 
surgery in patients without neurologic deficit and that such 
conservative care resulted in acceptable long-term results. 

Failed Back Surgery Syndrome 

Recurrent herniated disc and symptomatic hypertrophic scar 
can produce similar low hack symptoms and radiculopathy. 
Gradually escalating symptoms beginning a year or more af¬ 
ter discectomy are considered more likely to be caused by 
scar radiculopathy, whereas a more abrupt onset at any inter¬ 
val after surgery is more likely caused by a recurrent herni¬ 
ated disc (3). 

Failed hack surgery syndrome is seen in 10 to 40% of pa¬ 
tients who undergo hack surgery. It is characterized by in¬ 
tractable pain and varying degrees of functional incapacitation 
occurring after spine surgery (4). 

Epidural adhesions can occur with no previous treatment of 
low hack pain or sciatica in some patients. Primary formation 
of epidural adhesions in the epidural space could explain why 
treatments sometimes fail and why surgery should be avoided 
in patients whose CT or myelograms are negative for nerve 
root compression (5). 



Figure 9.115. The fracture shown in Figure 9.114 again shown 4 
months later; it now shows progressive trapezoid-shaped collapse, with 
about 90% loss of the normal vertebral body height. 


m 



Figure 9.116. Mild flexion distraction being applied. 



Figure 9.117. Mild extension manipulation being applied. 
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Figure 9.118. Treatment of the f racture seen in Figures 9.114 and 
9.11 5 is shown here. The compression clef ect is placed over the split sec¬ 
tions of the adjustment table. With a gentle anterior pressure applied to 
the spinous process of the compressed segment, the caudal section of the 
table is gently brought into extension. This places the flexion deformity 
created by the compression fracture to be brought into extension. This 
treatment is applied to patient tolerance and until the spine is felt to gain 
some measure of extension motion. This patient, as is true with all com¬ 
pression fractures, is advised to hold the spine in extension by wearing an 
extension support, lying over a small pillow under the thoracic segment, 
and performing extension exercises of the thoracic spine. 


Differentiation of Recurrent Disc Herniation from 
Scar Formation 

Epidural scarring and adhesions can he differentiated from re¬ 
current disc herniation by intravenous contrast-enhanced CT 
scan of the postoperative spine (3). Gd-DTPA (gadolinium- 
diethylene-triaminepentaacetic acid/dimeglumine) enhanced 
MRI is also used (4). Scar tissue is enhanced by the contrast 
agent, whereas the disc material is not enhanced. A study shows 
that precontrast and early postcontrast T1 - weighted spin-echo 
studies are highly accurate in separating epidural fibrosis from 
herniated disc (4). 

Repetitive hack surgery is the unfortunate consequence of 
persistent pain, although improvement from additional opera¬ 
tions is very slight. De La Porte and Siegfried (6) state that Ohio 
Workmen’s Compensation reported that no patients condition 
was cured by a second low back operation, 20% improved, 20% 
were made worse, and 60% were essentially unchanged. With 
additional operations the outcome worsens, and after four op¬ 
erations, 5% were improved and 50% were made worse. 

The clinical features of lumbosacral spinal fibrosis are poly¬ 
morphic. Lumbar pain and sciatica that become worse, even 
with minimal physical activities (seen in 60% of patients), are 
the main complaints. Nocturnal cramps and distal paresthesia 
are common. Twenty-five percent of patients have low back 
pain without radiculopathy. Ten percent show cauda equina 
syndrome with sphincter dysfunction and saddle hypesthesia. 
Lasegue’s sign is positive only in 20% of the cases, but the ab¬ 
sence of knee and ankle reflexes is frequent. The syndrome of 
spasm in the legs, muscular cramps, increasing radicular pain, 
elevated temperature, and shivering occur within the first 3 
days following surgery, which may signify the first signs of 
spinal fibrosis (6). 


In patients with epidural scar fibrosis, additional surgery can 
only magnify the scarring and resultant disability. One ap¬ 
proach, used when all other conservative measures fail, is the 
application of epidural stimulation with an electrode lead wire 
anchored deeply into the epidural space. A percutaneous wire 
extends out through the skin and is attached to a small (pocket 
watch-sized) pulse generator implanted beneath the skin. A 
gentle buzzing sensation is imparted to the dorsal columns to 
produce a stimulus that acts as a signal jamming the chronic 
pain sensations that occur with nerve damage (7). 

Postsurgical Failed Back 

Case 2 

A 43-year-old white single man was seen with the chief com¬ 
plaints of low back and right leg pain, and, occasionally, some 
pain into the left leg. The patient had back surgery performed 
twice, the first time in 1967 for a laminectomy and in 1968 for a 
spinal fusion. He noted that his back pain returned immediately 
following the surgeries. He had been seen at many clinics with¬ 
out relief of pain. 

This patient also complained of neck pain and pain in the right 
shoulder, arm, and hand. Neck pain had started approximately 20 
years previous, following an injury, at which time he was told he 
had a cervical disc problem. 

Examination of the low back revealed marked restriction of 
range of motion, with flexion at 40°, extension at 5°, right and 
left lateral flexion at 10°, and rotation at 20°, all of which were 
accompanied by pain. Straight leg raising was bilaterally painful 
at 50°, creating leg pains. The muscle power of the lower ex¬ 
tremities was grade 5 of 5 bilaterally. The right ankle reflex was 
absent, whereas the remaining deep reflexes of the lower ex¬ 
tremities were +2 bilaterally. No sensory changes were noted on 
pinwheel examination. The circulation of the lower extremities 
was good. 

Radiographic examination revealed the following: Figure 
9.119 shows an extensive mterlaminal fusion at the L4-S1 levels. 
Figure 9.120 is a lateral projection that reveals advanced degen¬ 
eration of the L4-L5 and L5-S1 disc spaces with the posterior fu¬ 
sion in place. Figure 9.121 is an oblique projection, again outlin¬ 
ing the bone fusion between the laminae at L4-L5 and the 
sacrum. 

Figure 9.122 shows a lateral cervical radiograph of this pa¬ 
tient, revealing extensive degenerative disc disease at the C5-C6 
and C6-C7 levels. The oblique view in Figure 9.123 reveals the 
right C5-C6 intervertebral foramen to be somewhat narrowed 
because of degenerative disc disease at that level. 

Examination of the cervical spine, physically, orthopedically, 
and neurologically, revealed reduction of ranges of motion on ro¬ 
tation to approximately 70°, with otherwise normal ranges of 
motion. Palpation revealed pain over the C4 through C7 levels bi¬ 
laterally, with cervical compression being positive at the C5, C6, 
and C7 levels, radiating pain into the right shoulder and arm. No 
signs were evident of thoracic outlet syndrome. The deep reflexes 
of the upper extremities were +2 bilaterally, with no sensation 
changes to pinwheel examination. No motor weakness was 
noted in either upper extremity. 

Our impressions of this case were as follows: (a) degenerative 
disc disease at the C5-C6 and C6-C7 levels, creating some fora- 
minal stenosis and a resultant right brachial radiculopathy; 
(6) spinal fusion, interlaminar, at L4-L5 and the sacrum with 
advanced degenerative disc disease at the L4-L5 and L5-S1 lev¬ 
els; and (c) possible postsurgical stenosis at the L4-L5 and 1.5—LI 
levels. 
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Figure 9.119. 1.4—SI interlaminar spinal fusion, anteroposterior Figure 9.121. Note the bone fusion on oblique view, 

view. 



Figure 9.120. I atcral view of Figure 9.119 showing the spinal fusion 
with the extensive 1.4—L5 and L5—SI tliscal degeneration. 



Figure 9.122. Lateral cervical spine radiograph of the patient in Fig¬ 
ures 9.119 through 9.121. This figure shows C5—C6 and C6—C7 degen¬ 
erative disc disease. 1 note that disc degenerative changes occur in those 
spinal segments where rotation is a minimal motion and flexion and ex¬ 
tension arc primary motions. Such areas occur at the L4—L5, L5—SI, 
C5-C6, and C6—C7 levels. 
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5. Flexion is the primary motion used. 

6. Traction is applied above the fused segments. 


Flexion of the spinous process is applied above the fusion, as 
is demonstrated in Figure 9.1 24. The rules for applying trac¬ 
tion, which were given previously, arc followed. In Figure 
9.1 25, lateral flexion of the segments is demonstrated. 

Sinusoidal currents arc applied to the paravertebral muscles 
as demonstrated in Figure 9.1 26. Hydrocollator packs are ap¬ 
plied over the sinusoidal current pads for 10 minutes (Fig. 
9.1 27). Cold packs are then applied for 5 minutes (Fig. 9.1 28). 
Hot and cold packs, beginning and ending with heat, are ap¬ 
plied alternately. 

Figure 9.129 shows unilateral traction being applied with¬ 
out the use of ankle cuffs; the ankle is held while distraction is 
being applied. By holding each lower extremity, the facets can 
be more strongly tractioncd unilaterally. 



Figure 9.123. Oblique view of patient seen in Figure 9.122 does show 
some narrowing ol the C5—C6 intervertebral foramen due to discal de¬ 
generation and loss of vertical height of the foramen. 


This patient was given flexion distraction of the C5-C6 and 
C6-C7 levels, followed by ultrasound with mild tetanizing current. 

The lumbar spine was treated by goading of acupressure 
points B22 through B49 and flexion distraction for the L3-L4 seg¬ 
ment. The reason for this is that, with the fusion of L4 to the 
sacrum, all of the flexion, extension, and lateral bending motions 
have been transferred to the L3-L4 level. Maintaining complete 
ranges of motion with minimal stress can help to alleviate and 
prevent future degenerative change at the L3-L4 level. This will 
bethe level of motion of this patient's spine for the rest of his life. 

In addition, we used tetanizing current to the paravertebral 
muscles of the lumbar spine and pelvis, with alternating hot and 
cold packs. Treatment of postsurgical backs can be extremely dif¬ 
ficult, especially when sciatic pains are present. In this case, the pa¬ 
tient became discouraged by slow relief of pain and discontinued 
treatment before meaningful clinical treatment could be adminis¬ 
tered and underwent further surgical decompression and fusion. 

Treatment of Failed Back Surgery Syndrome 

Spinal manipulative therapy for the patient with the failed back 
surgery syndrome is applied under strict parameters: 


1. Never is the caudal section of the table lowered more than 
2 inches. 

2. Rotation is never applied to the lower lumbar spine. 

3. No electrical intermittent traction is used—only hand- 
controlled manual manipulation. 

4. Any lateral flexion is restricted to facet capability; lateral 
bending should never be forced. 


Distraction Arthroplasty Patients 

Figures 9.1 30 and 9.1 31 are radiographs of a patient with hip 
arthroplasty. Commonly, these patients also have degenerative 
disc disease and are best treated unilaterally, as shown in Fig¬ 
ure 9.129, to control traction on the involved replaced hip 
socket. Distraction can be used without cuffs on the patient 
(see Fig. 9.102). 



Figure 9.124. Contact is maintained on the spinous process above the 
surgical fusion shown in Figure 9.1 19. 



Figure 9.125. Lateral flexion being applied t o the same patient shown 
in Figure 9.1 19. 
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Figure 9.126. Sinusoidal current being applied. 



Figure 9.127. Moist heat being applied. 




Figure 9.129. Unilateral distraction being applied. 



Figure 9.130. Anteroposterior view ol the lumbar spine and pelvis ol 
a patient with hip arthroplasty. 


Figure 9.128. Cold packs bcingapplied to the low back and sciatic dis¬ 
tribution. 
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EFFECTS OF CHRONIC LOW BACK PAIN ON 
FUNCTIONAL STATUS 

Patients suffering from chronic low back pain have significant 
impairment in physical, psychosocial, work, and recreational 
activities. The greatest impairment is in the area of work, hut 
disability ranges for recreation, home management, social in¬ 
teraction, emotional behavior, and sleep and rest are also com¬ 
paratively high. In persons with chronic low back pain, the use 
of a sickness impact profile, which is a global measure of dis¬ 
ability, is valid as a measure of functional status. The results of 
this test assist in the evaluation of the efficacy of multidiscipli¬ 
nary pain units (8). 

TWO FINAL FACTORS IN TREATING LUMBAR 
DISC DISEASE 

Anterior innominate subluxations are particularly problematic 
when they occur on the same side of disc lesion. I feel that the 
anterior ilium causes the sacrospinous ligament to traction the 
sciatic nerve over itself and to aggravate the leg pain. There¬ 
fore, when the patient has a longer leg on the side of sciatica, 
we adjust the innominate as shown in Figure 9.1 32. Note that 
rotation of the lumbar spine is avoided by flexing the hip joint, 



Figure 9.132. Shown is the correction of an anterior innominate sub- 
luxation. The patient’s knee is Hexed, and the doctor directs cephalad 
pressure against the popliteal space as an anterior thrust of the ischial 
spine of the ischium is given. 



Figure 9.133. Patient with pes planus accompanying low hack pain. 



Figure 9.134. Medial view of patient in Figure 9.133. 


contacting the ischium, and delivering the corrective manipu¬ 
lation without inflicting any rotation to the lumbar spine which 
might tear the disc anular fibers. 

Whenever dropped arches create pcs planus deformity of 
the foot, as shown in Figures 9.1 33 and 9.1 34, we place or- 
thotics made from foot casts into the shoes to correct this fault 
(Fig. 9.135). 
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Figure 9.135. The foot orthotic used to correct pes planus. 

Chapter 1 5 by Scott Chapman, DC, DABCO details active 
rehabilitation procedures for the low back pain patient. It 
should he read and implemented with this chapter. 
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CHIROPRACTIC SPECIALIZATION IN LOW 
BACK PAIN IS BECOMING A REALITY 

When discussing training of chiropractic doctors in the special¬ 
ized field of low back pain, I think of Crockard (1) who called 
for the next generation of neurosurgeons and orthopaedic sur¬ 
geons to generate the spinal surgeon, the surgeon who embraces 
only the spine as a specialty as the hand surgeon or maxillof acial 
surgeon specializes. To paraphrase Saint Augustine on chastity: 
these groups want spinal surgery, but not pure spinal surgery 
yet. No surgeon can be expected to clip a cerebral aneurysm, 
remove a meniscus through an arthroscope, and perf orm pedi¬ 
cle screw fixation of the lumbar spine with equal facility. 

Ben Eliyahu (2) reported treating 27 MR! documented and 
symptomatic cervical and lumbar herniated disc cases with a 
course of care including traction, flexion distraction, spinal ma¬ 
nipulation, physiotherapy, and rehabilitative exercises. Clini¬ 
cally, 80% of the patients had a good outcome with postcare vi¬ 
sual analogue scores under 2 and resolution of abnormal clinical 
examination findings. Repeat MRI showed 6 3% of the patients 
had a reduced size or completely resorbed disc herniation. 
Seventy-eight percent of the patients returned to work at their 
predisability occupations. 

The severe low back pain patient can demand skill and abil¬ 
ity of a chiropractor trained in specific clinical protocols. Thus 
the creation of the specialist in distraction adjusting of the low 
back exists by the certification course fostered and nurtured be¬ 
tween myself and the National College of Chiropractic in 1991. 
In excess of 1000 chiropractic physicians now are certified and 
National College maintains a list of chiropractic physicians who 
are certified in these procedures. 

It is incumbent on chiropractors to rely on meaningful pa¬ 
tient outcomes such as the 1000 case study and the algorithms 
of decision-making in diagnosis and treatment presented here 
to determine the patients’ clinical health disposition. Cox 
distraction-adjusting and diagnostic protocol is an important 
treatment technique and an important component in the care 
of the low back pain patient. 
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LOW BACK PAIN TERMS 
Definitions 

Transient back pain: An episode in which back pain is pres¬ 
ent on no more than 90 consecutive days and does not re¬ 
cur over a 1 2-month observation period. 

Recurrent back pain: Back pain present on less than half 
the days in a 12-month period, occurring in multiple 
episodes over the year. 

Chronic back pain: Back pain present on at least half 
the days in a 12-month period in single or multiple 
episodes. 

Acute back pain: Pain that is not recurrent or chronic (as 
defined above) and whose onset is recent and sudden. 

First onset: An episode of back pain that is the first occur¬ 
rence of back pain in a person’s lifetime. 

Flare-up: A phase of pain superimposed on a recurrent or 
chronic course. A flare-up refers to a period (usually a week 
or less) when back pain is markedly more severe than is 
usual for the patient (1). 

Classification of Spinal Pain 

Acute pain: Immediate onset, with a duration of 0 to 3 
months. 

Subacute pain: Slow onset, with a duration of 0 to 3 
months. 

Chronic pain: Duration is longer than 3 months, regardless 
of onset. 

Recurrent pain: Intervals during which no symptoms are 
present, but pain reappears (2). 


Lumbar Spine Pain Classified by Location 
and Distribution 

Local pain: lower lumbar or lumbosacral pain (lumbago). 
Referred pain: Pain experienced at the area that shares a 
common embryologic origin with the region involved. It is 
usually located to the inguinal or buttock region or the an¬ 
terior, lateral, or posterior thigh. In some cases, however, 
it might be distributed even below the knee. 

Radicular pain: Pain distributed along the dermatomal dis¬ 
tribution of a spinal nerve root and is caused by a direct af¬ 
fection of the nerve tissue (Fig. 1 0.1). It is most commonly 
experienced along the course of the sciatic nerve, depend¬ 
ing on the spinal level of the involved nerve root. 

Sciatica: Sciatica literally means “related to the hip.” The first 
time this term was seen in the literature was not in a scien¬ 
tific paper, but in a play by William Shakespeare entitled 
“Timons of Athens” where the character Timons cries out, 
“Thou could sciatica, cripples our senators as lamely as their 
manners.” The first pathoanatomic definition of sciatica was 
in 1576 by Domenico Cortugno who stated sciatica was a 
local affection of the sciatic nerve in the thigh (2). 

Malignancy-induced Low Back Pain 

I give this problem a major classification because chiropractic 
doctors are presented with metastatic and primary tumor- 
induced low back pain. 

Malignancy involves the lumbar spine much more often 
than the cervical spine. At least two thirds of spinal malignan¬ 
cies are metastatic rather than primary, usually spreading from 
a tumor in the breast, lung, prostate, or kidney. 
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Figure 10.1. To the left is the dermatomal distribution of the inner¬ 
vation by each nerve root level demonstrated. To the right is the corre¬ 
sponding sclcrotomal innervation. (Reprinted with permission from: Ol- 
markcr K, Masue M. Classification and pathophysiology of spinal pain 
syndromes. In: Weinstein JN, Rydcvik ABL, Sonntag VKH, eds. Essen¬ 
tials of the Spine. New York: Raven Press, 1995:12—24.) 

All patients with a history of malignancy (excluding basal 
cell skin cancers) require screening with appropriate laboratory 
and radiographic studies to rule out metastatic disease. Patients 
with malignant pain characteristically describe constant pain 
that is present at night and disturbs sleep and which is unre¬ 
lieved by positional change or rest (3). 

Multiple myeloma is the most common “primary” malignancy 
involving the spine, and often results in diffuse osteoporosis. 
Serum protein electrophoresis is the initial screening test for 
multiple myeloma. About 75% of patients with myeloma have 
an “M-spike”—a monoclonal peak in the gamma region. The di¬ 
agnosis of myeloma can be confirmed by a urine protein immu- 
noelectrophoresis that shows excess light-chain proteinuria. 

A Wcstergren erythrocyte sedimentation rate (ESR) of 
greater than 20 mm/h is present in 78 to 94% of patients with 
back pain who are found to have cancer. Forty to fifty percent 
of patients have an elevated serum calcium level, whereas 50 to 
75% will have an elevation in alkaline phosphatase. 

Back pain secondary to vertebral metastasis is the most com¬ 
mon symptom in men with disseminated prostatic cancer. 
Prostate-specific antigen (PSA) levels rise in proportion to the 
clinical stage and volume of cancer. 

Plain lumbar radiographs are probably indicated in all pa¬ 
tients over 50 years of age undergoing evaluation for back pain, 
whether malignancy is suspected. Because plain x-ray films are 
only 65% sensitive for detecting malignancy, however, com¬ 
puted tomography (CT), magnetic resonance imaging (MRI), 
or possibly bone scanning are indicated in the presence of a sus¬ 
picious preliminary workup. 


The sensitivity of radionuclide imaging (bone scan) for ma¬ 
lignancy is approaching 99%. An important exception to this 
finding occurs in patients with multiple myeloma (3). 

Demographic and Other Factors in 
Lumbar Spine Pain 

In the United States, 6.8% of the adult population has been 
found to have back pain at any given time. Twelve percent of 
those with low back pain will have sciatica. The prevalence of 
low back pain rises after age 25 to a peak in the 55- to 64-year 
age range, with a falling prevalence after age 65. For sciatica¬ 
like pain, the prevalence peaks at the 45- to 54-year age range. 
Consideration of the specific age of onset shows that 1 1 % of 
persons are afflicted at less than 20 years of age; 28% at 20 to 
29 years, 25% at 30 to 39 years, 20% at 40 to 49 years, 1 1% 
at 50 to 59 years, and 5% at more than 60 years of age (4). 

The demographic prevalence shows regionally that the 
northeastern United States has a 38% higher rate of low back 
pain than the western states. Men and women are af flicted sim¬ 
ilarly, with white men having the highest prevalence and black 
men the lowest. Less educated persons have a 50% increased 
incidence over better-educated persons (4). 

Genetics 

Disc degeneration has been demonstrated more prominently 
on MRI in families of patients with it than in controls. A 5.6 
times greater risk of lumbar disc herniation was seen in persons 
aged 18 years or younger whose immediate family showed a 
history of disc herniation than in control subjects. This strongly 
suggests that lumbar disc herniation in patients aged 1 8 years or 
younger shows familial predisposition and clustering. Familial 
clustering, however, does not immediately corroborate the 
presence of a genetic factor and further study is needed to an¬ 
swer this question (5). 

Hanrats (6) states that the occurrence of herniated nucleus 
pulposus in male members of the same family seems to point to 
a possible hereditary or congenital association, but he has not 
found a tendency for disc protrusions to occur in the presence 
of congenital vertebral anomalies. 

Childhood Incidence 

Herniated intervertebral discs (IVDs) are infrequent in chil¬ 
dren and adolescents (constituting approximately 1 % of pa¬ 
tients undergoing surgery) (7). 

The incidence of surgically proved lumbar disc prolapse in 
children varies from 0.8 to 3.2%. Trauma is not a significant 
causative factor, but a high familial incidence of back pain in af¬ 
fected children is found. Neurologic signs are not as prevalent 
in children as in adults. About 40% respond to conservative 
care, and the best surgical results are found in those with brief 
histories of sciatica (8). 

Herniated Disc Presentation in Children 

Under age 20, children may present with lumbar disc protru¬ 
sions with only low back pain and no sciatica. Painless sciatic 
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scoliosis may be present and the absence of sciatica caused by a 
central lumbar disc protrusion can be missed. Lumbar disc dis¬ 
ease in the first two decades of life may be missed because of 
the absence of sciatica. Lumbar discectomy in children under 
age 1 5 years is safe in all cases and known to be successful in 
88% of cases. Initial symptoms are either back pain only or an 
almost painless kyphoscoliosis in 80%. Only 20% initially com¬ 
plain of sciatic pain (9). 

In children with symptoms suggesting nerve root entrap¬ 
ment, the chief concerns are neoplasm, infection, and spondy¬ 
lolisthesis. The possibility of disc herniation often is not 
suspected because of its infrequency among children. A 10- 
year-old girl with a herniated disc has been documented with 
severe scoliosis and vertebral rotation (7). 

In children, back pain, radicular pain, and tension signs are 
common, but neurologic signs are less frequent (10). A study 
of 1755 children aged 8 to 1 6 years showed a parental history 
of treated low back pain, competitive sports activity, and time 
spent watching television to have significantly increased the risk 
for low back pain (11). 

Smoking 

The relationship between cigarette smoking and the develop¬ 
ment of surgical disc disease was shown with the following 
speculations: (a) The association between cigarette smoking 
and intervertebral disc disease is more significant in surgical pa¬ 
tients than in nonsurgical patients; ( b ) continued cigarette 
smoking can aggravate discogenic or radicular symptoms in pa¬ 
tients with IVD disease; and (c) stopping cigarette smoking may 
have beneficial effects as no significant differences are found be¬ 
tween exsmokers versus nonsmokers (12). 

SOURCES OF LOW BACK PAIN COMPLAINTS 

As with all human disease, the diagnosis and treatment of low 
back problems begin with the history, followed by the clinical 
workup, selected imaging modalities for confirmation, and a 
treatment protocol. Questioning the patient allows concepts to 
form regarding the involved anatomy. For example, low back 
pain alone is more common in anular tears and in facet degen¬ 
erative and subluxation syndromes, whereas sciatica points to 
disc protrusion or stenosis within the vertebral canal. Serious 
disc lesions are preceded by numerous and worsening bouts of 
low back pain. Low back pain that suddenly is transformed into 
only leg pain probably represents a contained disc that has be¬ 
come a noncontained disc. 

Five common causes of sciatica have been suggested (13): 

1. Herniated disc 

2. Anular tears 

3. Myogenic, or muscle-related, disease 

4. Spinal stenosis 

5. Facet joint arthropathy 

Table 10.1 outlines the key differential diagnostic points of 
these five common causes of sciatica. 


Does Anular Tearing Cause Low Back or 
Leg Pain? 

Devanny (14) states that the classic low back syndrome re¬ 
ferred to as “muscle spasm” or a “strained back” usually has the 
disc as the source of pain. If back pain occurs without leg pain, 
most likely a weakened anulus fibrosus with a disc bulge, not a 
disc herniation, is causing the pain. 

Macnab (15), by placing a catheter under inflamed nerve 
roots at laminectomy and inflating them later, found that pre¬ 
viously irritated nerve roots reproduced the patients’ sciatic 
symptoms. Normal nerve roots only produced feelings of 
numbness. He deduced that both chemical and mechanical ir¬ 
ritation of the nerve root causing pain was analogous to the pain 
produced by a sunburn of the skin—there might be sunburn, 
but pain is produced only if the sunburned skin is touched. Sim¬ 
ilarly, a nerve root might be chemically inflamed but only 
painful on mechanical compression. 

Vanharanta et al. (16) found, in 225 discs injected for 
discography, that the painful discs had higher degeneration and 
disruption scores than painless discs. The anular disruption was 
likely to be the source of exact pain production. The pain was 
not always similar to the patient’s clinical back pain, but exact 
reproduction or similar pain was found to increase consistently 
with the amount of disc deterioration. These results suggested 
that increasing deterioration of lumbar discs was associated 
with increasing clinical pain. Even small degrees of deteriora¬ 
tion can cause a disc to be painful on discography. 

Saal (17) reported that anatomic studies have demonstrated 
the presence of nociceptive nerve endings in the anulus fibro¬ 
sus of the lumbar discs and that anular tears can therefore cause 
pain referral of purely discogenic origin into the low back, but¬ 
tock, sacroiliac joint region, and lower extremities even in the 
absence of neural compression. 

Marshall and Trethewie (18) found that extract of glyco¬ 
protein from the human nucleus pulposus releases considerable 
quantities of histamine, another protein, and amine compo¬ 
nents that they considered a local irritant of the nerve root, 
producing edema and pain. 

“Internal disc disruption” was described (1 3) as being the an¬ 
ular fiber tearing and probably also another discogenic cause of 
sciatic pain. Sciatica results when a tear in the anulus fibrosus 
leaks nuclear material posteriorly, and the escaped nuclear ma¬ 
terial irritates the dural sac and nerve sleeves. 

Rothman and Simcone (19) state that radiating cracks in the 
anulus fibrosus develop in the most centrally situated lamellae and 
extend outward to the periphery. These radiating clefts in the an¬ 
ulus weaken its resistance to nuclear herniation. Herniation is a 
greater threat to a younger individual between the ages of 30 and 
50 having good nuclear turgor than it is to the elderly in whom 
the nucleus is fibrotic. Falconer et al. (20) state that myelographic 
defects are seen unchanged after successful conservative treat¬ 
ment of sciatica, not because of mechanical factors but because of 
clinical nerve root symptoms created by the biochemical irrita¬ 
tion of the nerve root degeneration and its resultant irritants on 
the nerve root. Rothman and Simcone (19) discuss variations of 
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Table 10.1 


I Key Diagnostic Tips for Distinguishing Among Five Causes of Sciatica 

Herniated nucleus pulposus 
History of specific trauma 
Leg pain greater than back pain 

Neurologic deficit present; nerve tension signs present 

Pain increases with sitting and leaning forward, coughing, sneezing, and straining; pain reproduced with ipsilateral straight 
leg raising and sciatic stretch tests; contralateral straight leg raising test may also reproduce pain 
Radiologic evidence of nerve root impingement (metrizamide myelography, CT) 

Anular tears 

History of significant trauma 

Back pain is usually greater than leg pain; leg pain bilateral or unilateral 
Nerve tension signs present (but no radiologic evidence of impingement) 

Pain increases with sitting and leaning forward, coughing, sneezing, and straining 

Back pain is exacerbated with straight leg raising and sciatic stretch tests (perf orm straight leg raising test bilaterally) 
Discography is diagnostic (neither CT scan nor myelogram show abnormality) 

Myogenic or muscle-related disease 

History of injury to muscle, recurrent pain symptoms related to its use 

Lumbar paravertebral myositis produces back pain; gluteus maximus myositis causes buttock and thigh pain 
Pain is unilateral or bilateral, rather than midline; does not extend past knee 

Soreness or stiffness present on rising in the morning and after resting; is worse when muscles are chilled or when the 
weather changes (arthritis-like symptoms) 

Pain increases with prolonged muscle use; is most intense after cessation of muscle use (directly afterward and on following day) 
Symptom intensity reflects daily cumulative muscle use 
Local tenderness palpable in the belly of the involved muscle 

Pain reproduced with sustained muscle contraction against resistance, and by passive stretch of the muscle 
Contralateral pain present with sidebending 
No radiologic evidence 
Spinal stenosis 

Back and/or leg (bilateral or unilateral) pain develops after patient walks a limited distance; symptoms worsen with continued 
walking 

Leg weakness or numbness present, with or without sciatica 
Flexion relieves symptoms 
No neurologic deficit present 

Pain not reproduced on straight leg raising; pain reproduced with prolonged spinal extension and relieved af terward when 
spine flexed 

Radiologic evidence: Hypertrophic changes, disc narrowing, interlaminar space narrowing, facet hypertrophy, degenerative 
spondylolisthesis (L4—L5) 

Facet-joint arthropathy 
History of injury 

Localized tenderness present unilaterally over joint 
Pain occurs immediately on spinal extension 
Pain is exacerbated with ipsilateral sidebending 

Pain blocked by intrajoint injection of local anesthetic or corticosteroid 
Reprinted with permission from McCarron RF, Laros GS. What is the cause of your patient’s sciatica? J Musculoskeletal Med 1 987;( June):65. 


the spinal canal in detail. The trefoil canal, which Finneson (21) 
discussed also, is common at the L4 and L5 level. The trefoil canal 
has lateral recesses that render it narrower and thereby more vul¬ 
nerable to compression by extruded disc material. Radiographic 
findings have shown underdeveloped pedicles which would result 
in a decreased anteroposterior measurement of the vertebral 
canal and thus create a stenotic vertebral canal. This would result 


in more pronounced symptoms of disc protrusion. The combi¬ 
nation of a trefoil canal with lateral recesses, underdeveloped 
pedicles, and articular facet degenerative arthrosis, all of which 
narrow the vertebral canal and, when coupled with disc protru¬ 
sion, would result in an exceptionally painful condition. The lum¬ 
bar nerve roots lie in the superior part of the intervertebral fora¬ 
men in a relatively protected position, and it is only in disc 
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narrowing that the superior articular facet of the vertebra below 
might subluxate in a position to create nerve root pressure. Roth¬ 
man and Simeone (19) also state that a small nuclear herniation of 
only 1 to 2 mm in height can cause marked nerve root compres¬ 
sion in a patient with a small lumbar spinal canal, and particularly 
with a narrow lateral recess that makes the patient susceptible to 
degenerative changes of the intervertebral disc. 


How Does Nuclear Degeneration Start 
and Progress? 

Figure 10.2 shows a classification scheme for degenerative disc 
disease (22). Anular disruption, “leaking-protrusion-anular fis- 
suring,” is graphically shown in Figure 10.2. A numerical code 
indicates how far the contrast material has escaped into the pe¬ 
riphery through tears in the anulus: 0 represents a normal disc, 
and / to 3 represent progression of contrast medium into the 
anulus fibrosus. As the contrast medium advances into the an¬ 
ular periphery, the pain response of the patient is recorded. 
Table 10.2 shows a code for classifying a pain response accord¬ 
ing to whether the patient described it as similar or dissimilar 
to the pain experienced prior to the examination. 

Figure 10.3 shows the Videman et al. (23) classification of 
discographic appearances, from the normal contained disc to 
the bulging contained disc and leaking, noncontained fragmen¬ 
tation of the disc. 

Pathway of Nuclear Entrance Into the 
Vertebral Canal 

The nuclear disc posterolateral prolapse, as shown in Figure 
10.4, is commonly recognized, but it must be realized that the 
nuclear material may find its way into the lateral recesses and 
vertebral canal through a lateral route to “enter through the 
side door” into the canal. This is vividly shown in Figure 10.5. 



Figure 10.2. The concentric circumferential areas of the anulus used 
to grade anular disruption as contrast material progressively moves away 
from the center of the nuclear injection. Areas 0, 1,2, and 3 are noted. 
(Reprinted with permission from Sachs BL, Vanharanta H, Spivey MA, 
et al. Dallas discogram description: a new classification of CT/discogra- 
phy in low-hack disorders. Spine 1987; 1 2(3):288.) 


Table 10.2 


I Dallas Discogram Description 

Degeneration Anular Disruption 

(Anulus) (Contrast Extension) Pain 


0—No change 0—None 

1 —Local (< 10%) 1—Into inner anulus 

2— Partial (<50%) 2—Into outer anulus 

3— Total (>50%) 3—Beyond outer 

anulus 


P—Pressure 
D—Dissimilar 
S—Similar 
R—Exact 

reproduction 


Reprinted with permission from Sachs BL, Vanharanta H, Spivey MA, et al. 
Dallas discogram description: a new classification of CT/discography in 
low-back disorders. Spine 1987; 12(3):287. 



Figure 10.3. A. The general appearance of discograms was classified using the following scale: 0, nor¬ 
mal; 1, slight; 2, moderate; and 3, severe degeneration. B. The anular ruptures were classified using the 
following scale: 0, none; 1, anular fissure, where dye goes through anulus but is not outside the contour 
of the normal disc; 2, protrusion, where dye can he seen bulging outside the contour of the normal disc; 
and 3, leaking, where dye can he seen in the spinal canal coming through the anulus. (Reprinted with per¬ 
mission from Videman T, Malmivaara A, Mooney V. The value of the axial view in assessing discograms: 
an experimental study with cadavers. Spine 1987; 1 2(3):300.) 
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Figure 10.4. A. View of two lumbar discograms from levels L3 L4 and L4- L5 using barium sulfate. 
General degeneration is severe with associated protrusions. B. Lateral view shows moderate degeneration. 

C. Axial view at level L3—L4, the nature of degeneration is clear and two separate protrusions can be seen. 

D. Axial view at level L4—L5; an anterior anular fissure can be seen. (Reprinted with permission from Vide- 
man T, Malmivaara A, Mooney V. The value of the axial view in assessing discograms: an experimental 
studv with cadavers. Spine 1987; 1 2(3): 302.) 


The value of discography with CT is shown in Figure 10.6, 
in which a large free fragment of disc is not seen on a myelo- 
graphically enhanced CT scan, but it is seen on a discographi- 
cally enhanced CT scan. 

Another interesting study of 441 surgical and autopsy spec¬ 
imens of disc tissue found that the anulus H.brosus was more 
commonly degenerated than the nuclear material, suggesting 
that the pathomechanism of disc protrusion is predominantly 
one of anular protrusion as opposed to nuclear protrusion (24). 

DIAGNOSTIC BIOMECHANICS 

The most important spinal component is the intervertebral 
disc. It is the key structure in the movable segment (or, as 
Schmorl calls it, the “motor segment”), and its lesions (tears, 
prolapses, and degeneration) affect the rest of the movable 
segment (25). The axis of sagittal movement of the spine 
passes through the middle to the posterior portion of the disc, 
and as the axis pivots around the nucleus pulposus, which acts 
as a fulcrum, it can shift slightly. In horizontally rotatory 
movement, the anular fibers in the lumbar region undergo 
shearing stress leading to tears or rupture, even in younger 


people, because the vertical axis of rotation is posterior to the 
vertebral bodies. 

Rupture of anular fibers or the dissecting prolapse of the nu¬ 
cleus pulposus through the anulus fibrosus, and fracture and de¬ 
struction of the basal cartilaginous and bony apophyseal plate 
may allow prolapse of the nucleus pulposus. This happens espe¬ 
cially in young people with high intradiscal pressures sustained 
on loading in flexion and on high shearing stress in rotation, ei¬ 
ther into the posterior lateral extradural space (with the middle 
being protected somewhat by the posterior longitudinal liga¬ 
ment in most instances ) or vertically into the bone through gaps, 
weak places, or fractures of the bony cartilaginous plate (25). 

Clinical and experimental observations suggest that the disc 
may be one of the sources of idiopathic low back pain (26). In 
patients who develop definite disc herniation, one or more 
episodes of back pain frequently precedes the herniation. These 
episodes of pain may be similar to the pain experienced by pa¬ 
tients who do not develop disc herniation. Hirsch (27) and Lind- 
blom (28) increased the intradiscal pressure in patients with a 
history of back pain by injecting saline into the discs. They found 
that increased intradiscal pressure reproduced the patient’s 
pain. If the disc was injected with a local anesthetic prior to the 






Chapter 10 Diagnosis of the Low Back and Leg Pain Patient 383 


increases in intradiscal pressure, pain did not develop. If diatri- 
zoate meglumine and diatrizoate sodium (Hypaque) was in¬ 
jected into a disc and the dye extended into the anulus, severe 
pain was sometimes produced. If the dye remained in the nu¬ 
cleus, pain did not occur. Direct mechanical stimulation of the 
anulus and cartilage plate can also produce pain. These findings 
indicate that irritation or abnormalities of the disc can cause 
pain, but even if the disc is not the primary source of pain in 
some syndromes, alterations in the disc can produce symptoms 
by changing the loads on other structures, including facet joints, 
spinal ligaments, paraspinal muscles, and nerve roots. 

Discal Back Pain and Sciatica 

Patients present with back pain and sciatica, with back pain and 
no sciatica, and with sciatica and no back pain. The most over¬ 
looked diagnosis of disc protrusion in clinical practice probably 
involves the patient with back pain without sciatica. Early nuclear 
protrusion into the anular fibers often involves the patient with 
acute back pain and perhaps an antalgic lean to one side. It is well 
documented that the anulus fibrosus is well innervated by the 
sinuvertebral nerve, becoming more so from the central portion 


to the peripheral portion of the disc (19). Radiating cracks in the 
anulus fibrosus develop in the most Centrally situated lamellae 
and extend outward toward the periphery (29). Turek (30) 
states that this cracking and fissuring begins as early as the 1 5th 
year and may take place silently over many years. The anulus, un¬ 
der the pressure of nuclear protrusion, becomes progressively 
weaker and thinner. As this pathologic state develops, the pain 
intensity and degree of antalgic lean of the patient increase. 

As the anular fibers progressively thin and the protruding 
nuclear material makes mild contact with the nerve root, the 
manifestations of sciatica are first observed. If the anular fibers 
completely tear and the protruding material bursts forth, the 
intensity of the sciatica proportionately increases. 

Pressure on protruding nuclear material is greater in the 
young person with a turgid nucleus, which contains up to 80% 
water, than in the older person in whom the nucleus pulposus 
has become dehydrated and converted into a hardened mass. 
Therefore, a patient may have a nuclear bulge creating low 
back pain resulting from aggravation of the anular fibers, back 
pain and sciatica may occur as the protruding disc material con¬ 
tacts the nerve root, or only sciatica is present if the disc pro¬ 
trudes through the anulus and contacts only the nerve root, 



Figure 10.5. A. In the plain radiograph, the L 3—L4 level looks normal. B. The lateral discogram shows 
severe degeneration. C. Posteroanterior view again shows marked asymmetry. D. The axial view gives a 
more exact picture of the nature of the disc lesion degeneration. (Reprinted with permission from Vide- 
man T, Malmivaara A, Mooncv V. The value of the axial view in assessing discograms: an experimental 
study with cadavers. 1987;Spine 1 2(3):300.) 
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Figure 10.6. A. Negative myelogram with slight anular bulging at L4-L5 on lateral view. B. Discogram 
with only minimal degenerative changes. C. Myelographically enhanced computed tomography (CT) in¬ 
terpreted as negative, suggests asymmetry in soft tissues lateral to foramen on right (arrow). D. Positive 
discogram-CT with large extraforaminal disc fragment (largest arrow ) and displaced right L4 nerve root 
(small arrows). (Reprinted with permission from Jackson RP, Glah JJ. Foraminal and extraforaminal lum¬ 
bar disc herniation: diagnosis and treatment. Spine 1 987; 1 2(6): 581.) 


with no other structures innervated by the recurrent meningeal 
nerve being irritated. 

Equally important is the fact that the nucleus that bulges 
through the anulus fibrosus and comes to lie f ree under the pos¬ 
terior longitudinal ligament may migrate cephalad and caudally 
along the posterior vertebral body. Nuclear material that 
breaks continuity with the remaining nucleus is called a “free 
fragment” or “a prolapsed disc.” 

White and Panjabi (31) prepared an update of Charnley’s 
(32) hypothesis on low back pain/ Following are their classifi¬ 
cations of back pain (31). 

ACUTE BACK SPRAIN (TYPE I) 

Acute back sprain (type I) characteristically occurs when a la¬ 
borer attempts to sustain a sudden additional load. Immediate se- 

■' Charnlcy’s article ( 32) is a classic exposition on the topic. 1 I is is a clear theoretic presentation of 
the mechanism, diagnosis, and treatment of the various combinations of hack pain and sciatica. It 
is highly recommended forboththc primary care physician and the specialist. 


vere pain results that can last for several weeks. The pain, which 
is primarily in the low back, without sciatica, can be caused by 
several factors. Charnley suggested the possibility of rupture of 
some of the deep layers of the anulus. Although this rupture is 
possible, the inner fibers are not innervated, and relatively less 
loading and deformation occurs in the deeper fibers than in the 
periphery. Other possibilities exist, however. One is that pe¬ 
ripheral anular fibers can be injured or ruptured along with any 
of the other posterior ligaments or musculotendinous structures; 
another is that some of these injuries may involve rupture of mus¬ 
cle fibers or be associated with nondisplaced or minimally dis¬ 
placed vertebral end plate fractures (Fig. 10.7). Whatever the 
cause, these conditions should respond to a period of rest, fol¬ 
lowed by a gradual resumption of normal activities. 

ORGANIC OR IDIOPATHIC FLUID 
INGESTION (TYPE II) 

An attack of low back pain and muscle spasm can be produced 
by the sudden passage of fluid into the nucleus pulposus for 
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muscle tears 


PERIPHERAL 
ANULUS FIBERS 


CAPSULAR LIGAMENT 
INTERSPINOUS LIGAMENT 
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INNER ANULUS 
FIBERS 


CLINICAL PICTURE 
A SPECIFIC INCIDENT 
ACUTE PAIN 
MUSCLE SPASM 
REFERRED PAIN 
NEGATIVE SLR 


TREATMENT 

REST 

ANALGESICS 


Figure 10.7. A clinical picture of an acute back sprain (type I), which can damage any number of liga¬ 
mentous structures, the muscle, or even cause a vertebral end-plate fracture. SLR, straight leg raising test. 
(Reprinted with permission from White AA, Panjabi MM. Clinical Biomechanics of the Spine. Philadel¬ 
phia: JB Lippincott, 1978:286.) 
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Figure 10.8. Organic or idiopathic fluid ingestion (type 11). This 
mechanism may account for a large portion of hack pain for which no dis¬ 
tinct diagnosis nor cause has been determined. (Reprinted with permis¬ 
sion from White AA, Panjabi MM. Clinical Biomechanics of the Spine. 
Philadelphia: JB Lippincott, 1978:286.) 


some unknown reason (32, 33) (Fig. 10.8). Charnley sug¬ 
gested that this passage of fluid irritated the peripheral anular 
fibers, causing the characteristic pain. Little has been found in 
the intervening 20 years to discredit this hypothesis. Naylor 
(33) suggests that increased fluid uptake in the nucleus is a pre¬ 
cipitating factor in the biochemical chain of events that can lead 
to disc disease.^ Indirect evidence, however, suggests that in¬ 
creases in fluid in the disc structure does not cause spine pain. 


Naylor’s article (33) provides a superh, comprehensive review oi this hypothesis. 


This evidence is based on the observation that astronauts re¬ 
turning from outer space have heightened disc space but no 
back pain according to Kazarian (34). On the other hand, evi¬ 
dence, although inconsistent, suggests that fluid injection into 
the normal disc causes low back pain (35). This discrepancy 
may be partially explained by the differences in the rate of 
change in fluid pressure. The hypothesis of fluid ingestion is 
consistent with the clinical data because it is compatible with 
the characteristic clinical course of exacerbations and remis¬ 
sions, with or without progression to other clinical syndromes. 
In other words, movement of fluid in and out of the disc can 
explain the onset and resolution of the clinical symptoms. This 
may be the explanation for spontaneous idiopathic organic 
spine pain (cervical, thoracic, or lumbar) unrelated to trauma, 
which accounts for a significant number of the many cases of 
spine pain. 

POSTEROLATERAL ANULUS 
DISRUPTION (TYPE III) 

If failure or disruption of some of the anular fibers occurs, pos¬ 
terolateral irritation in this region can cause back pain with re¬ 
ferral into the sacroiliac region, the buttock, or the back of the 
thigh (Fig. 10.9). This ref erred pain is caused by stimulation of 
the sensory innervation by mechanical, chemical, or inflamma¬ 
tory irritants. Thus, “referred sciatica,” as Charnley called it, is 
distinguished from true sciatica by a negative straight leg rais¬ 
ing (SLR) test and a lack of neuromuscular deficit. As sug¬ 
gested, this referred pain may be explained by the “gate” con¬ 
trol theory. This ref erred sciatica may resolve itself through 
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Figure 10.9. Posterolateral anulus disruption (type 111). The Jotted line 
represents the original normal contour ol the disc. Hip and thigh pain are 
referred pain rather than true sciatica. (Reprinted with permission from 
White AA, Panjabi MM. Clinical Biomechanics ol the Spine. Philadel¬ 
phia: JB Lippincott, 1978:287.) 
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Figure 10.10. Bulging disc (type IV). In the patient with a bulging 
disc, the anulus is bulging to such an extent that nerve root irritation has 
caused sciatica. The Jotted line shows the normal position ol the anulus 
rim. (Reprinted with permission Irom White AA, Panjabi MM. Clinical 
Biomechanics ol the Spine. Philadelphia: JB Lippincott, 1978:287.) 


reabsorption or neutralization ol the irritants and/or phagocy¬ 
tosis and painless healing ol the disrupted anular libers. 


BULGING DISC (TYPE IV) 

Another proposed mechanism of low back pain and sciatica in¬ 
volves protrusion of the nucleus pulposus protrusion, which 
remains covered with some anular libers and, possibly, the pos¬ 
terior longitudinal ligament (Fig. 10.10). “True acute sciatica” 
may be present with mechanical and, possibly, chemical or in¬ 
flammatory irritation of the nerve roots. Pain may also be found 
in the back, buttock, thigh, lower leg, and even the foot, and it 
may be increased with coughing and sneezing; the SLR test is 
positive. In this situation, radiographs usually do not indicate 
narrowing. Traction or spinal manipulation may alter the me¬ 
chanics and possibly be therapeutic. With rest, the irritation 
may subside and remain stable, or it may return spontaneously 
after mobilization. 

A good example of type III and IV anular disruption and disc 
bulging, seen at our clinic, is presented in Figures 10.1 1 — 10.1 3. 


Case 1 

This 38-year-old woman was seen at the referral of another chi¬ 
ropractor for the chief complaint of low back, left buttock, and 
left upper thigh pain. The pain had started approximately 1 year 
prior to our first seeing the patient, following bending, lifting, 
and twisting at the waist while picking up a 30-pound dog. She 
felt a sharp pain at the time and could not stand upright. She saw 
a chiropractor the following day, who treated her and gave some 
relief. She continued to feel a nagging ache in her low back de¬ 
spite a home exercise program, and 9 months after the initial in¬ 
jury again sought chiropractic relief. At that time, a lesion on the 
left leg was diagnosed as malignant melanoma, and it was surgi¬ 
cally removed. 

In this case, we did not feel that surgery was necessary. Our 
treatment program included the following: (a) flexion-distraction 
manipulation applied at the three lower disc levels, with range of 



Figure 10.11. Computed tomography scan at the L3 L4 level shows 
a 4.2-mm disc protrusion. 



Figure 10.12. L4—L5 level shows a 6.1 -mm central disc protrusion, 

and the vertebral canal, by computed tomography, measures 10.7 mm 
sagittal diameter. 
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Figure 10.13. Computed tomography (CT) scan at the L5—SI level 
shows a 3.8-mm L5—SI disc bulge, and a sagittal vertebral canal CT mea¬ 
surement of 1 0.7 mm. 


motion of the articular facets at each of these areas applied as the 
patient showed 50% improvement of the low back and upper 
left thigh pain; {b) low back wellness school to teach this patient 
the hazards of sitting and how to bend and lift in daily living with 
minimal stress to the lumbar spine; (c) a strong exercise program 
of seven Cox exercises to correct the weakness of the abdominal, 
low back, and gluteal muscles; (d) adjustment, in side posture, of 
an anterior innominate subluxation that accompanied the long 
left leg, followed by the wearing of a trochanter belt to support 
this left sacroiliac joint during healing; (e) appropriate instructions 
to apply hot and cold alternating packs to the low back, left but¬ 
tock, and upper thigh at home; {f) Nautilus extension exercises, 
started on the third day of treatment. 

During treatment, this patient's pain actually settled into the 
sacrum and sacrococcygeal articulation. Rectal adjustment was 
done of the coccyx to check its alignment with the sacrum. 

This patient was treated in our clinic for 30 days and returned 
home with a letter of referral to her referring chiropractor. Her re¬ 
maining complaint on dismissal was left L5-S1 pain. 


SEQUESTERED FRAGMENT (WANDERING 
DISC MATERIAL) (TYPE V) 

A sequestered nucleus pulposus and/or anulus fibrosus (Fig. 
10.14) associated with the normal degenerative processes of 
the disc and other presently unknown pathologic changes may 
develop with time. This sequestrum can move about in a ran¬ 
dom fashion in response to the directions and magnitude of 
forces produced at the motion segment by an individual’s ac¬ 
tivity. This movement may cause the sequestrum to irritate the 
anular fibers (by physical presence or chemical breakdown 
products) and to produce low back pain with or without sciat¬ 
ica. It can also produce a bulge in an area in which it can cause 
true sciatica. The sequestration can move about, so that it ei¬ 
ther is asymptomatic or it causes some combination of spine 
pain, referred pain, and true radiculopathy. Because of the 
movement of the sequestered fragment in response to forces at 
the motion segment, it may be possible, through axial traction 
or spinal manipulation of the motion segment, to move the se¬ 
questrum temporarily or permanently from a location in which 
it stimulates a nerve to one in which it causes no irritation. Sub¬ 


sequent motion of the disc fragment into areas of pain insensi¬ 
tivity or subsequent scarring may not cause recurrence. On the 
other hand, if no scarring exists, the random movement of the 
sequestered portion of the disc can include positions of subse¬ 
quent nerve root irritation. 

DISPLACED SEQUESTERED FRAGMENT 
(ANCHORED) (TYPE VI) 

Another clinical and mechanical cause of low back painand sci¬ 
atica is displacement of a sequestrum of the anulus or nucleus 
into the spinal canal or intervertebral foramen (Fig. 10.15). 
The fragment is to some degree fixed in position. Nerve root 
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Figure 10.14. Sequestered fragment (the wandering disc) (type V). 
Surgical treatment results are better in the type V patient than in the types 
I to IV patient, but thev are probably not as good in the type V patient as 
they are in the type VI and type VII patient. The wandering disc is a pos¬ 
sible explanation for the clinical picture of exacerbations and remissions 
that is so frequently encountered. It may also be a partial explanation of 
why some patients show a good response to traction or manipulation. 
(Reprinted with permission of White A A, Panjabi MM. Clinical Biome¬ 
chanics of the Spine. Philadelphia: JB Lippincott, 1978:2 88.) 
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Figure 10.15. With type VI, there is sequestration and displacement, 
but there is some anchoring of the ligament so that the disc cannot move 
about. This is likely to be helped by traction or manipulation. (Reprinted 
with permission from White AA, Panjabi MM. Clinical Biomechanics of 
the Spine. Philadelphia: JB Lippincott, 1978:289.) 
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irritation results from inflammation caused by mechanical pres¬ 
sure, chemical irritation, an autoimmune response, or some 
combination of the three. True sciatica exists with the positive 
SLR sign. In association with a displaced portion of the inter¬ 
vertebral disc (sequestration), narrowing of the interspace may 
occur at the involved level. Axial traction, manipulation, and 
random movement are unlikely to help. Chymopapain injected 
into the disc space may never reach or affect the sequestrum, 
especially if scarring or blockage has occurred in the hole in the 
disc structure. When this situation subsides spontaneously, hy¬ 
pothetically, it is the result of phagocytosis or some physiologic 
adjustment of the neural structures to the irritation. Patients 
with a displaced sequestered fragment show the best results 
when treated with surgery, as suggested by Charnley and sub¬ 
sequently confirmed by Sprangfort (32, 36). c 

Examples of Charnley’s type 5 and 6 disc lesions from our 
clinic arc presented next. 

Case 2 

A 30-year-old woman developed low back pain following deliv¬ 
ery approximately 7 to 8 weeks prior to seeing us. The start of her 
low back pain felt like a pinching and then eventually continued 
down the left lower extremity. The history revealed lower back 
pain 3 years previously, which was relieved with exercise. 

Figure 10.16 reveals the marked sciatic scoliosis of this patient. 
Note the flexed left knee to relieve stretch on the sciatic nerve. 
This patient's low back and leg pain were aggravated by the 
D£j£rine triad. Straight leg raising was positive sitting and re¬ 
cumbent at 10°, creating low back and leg pain. Marked reduc¬ 
tion of her ranges of motion was noted. The deep reflexes and 
sensory examination were within normal limits. Circulation of the 
lower extremity was normal. The hamstring reflexes were +2 bi¬ 
laterally. No atrophy was noted. 

Figures 10.17-10.19 are neutral, right, and left lateral flexion 
studies of this patient. Note the strong right lateral flexion sub¬ 
luxation of L4 on L5 and the inability of this patient to laterally 
flex to the left. Figure 10.20 shows the posteroanterior (PA) film 
taken at the time of myelography. Note the large filling defect at 
the L4-L5 segment, which is also seen on Figure 10.21, in the lat¬ 
eral projection. Figure 10.22 is the oblique view, revealing the fill¬ 
ing defect caused by the intervertebral disc protrusion compress¬ 
ing the dye-filled subarachnoid space. Figure 10.23 is the CT 
scan, revealing an extremely large left central IVD disc protrusion. 

The IVD protrusion was surgically removed, and the patient 
had 100% relief of symptoms. Treatment was attempted with 
flexion distraction, but because of the extreme size of this disc le¬ 
sion the patient could not tolerate any attempt at therapy or 
spinal manipulation. This is a good case of surgical necessity. 

DEGENERATIVE DISC (TYPE VII) 

Disc degeneration (Fig. 10.24) involves a disruption of the nor¬ 
mal anular fibers of the disc to such an extent that the disc is no 
longer able to serve an adequate mechanical function. This dis¬ 
ruption can be associated with degenerative arthritic processes 
of the vertebral bodies or the intervertebral joints. Pain may be 
chronic, intermittent, or absent. 

c Spang!'ort’s article ( $6) is an excellent discussion of the significance of various physical findings in 
the evaluation and interpretation ol low hack pain and sciatica. 



Figure 10.16. Severe right sciatic scoliosis in a patient with left fifth 
lumbar nerve root paresthesia. Note that the left knee is held flexed to 
prevent stretch on the sciatic nerve (Ncri’s how sign). 






4 1 



Figure 10.17. Right lateral list of the lumbar spine is seen in the pa¬ 
tient in Figure 10.16. Note how the pelvis is posterior as evidenced by 
the loss of height of the pelvic ring and how high the svmphvsis pubis lies 
over the sacrum {arrow). 
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Figure 10.18. On right lateral flexion, minimal motion occurs, and 
the spinous processes (arrows) fail to rotate to the right concavity and in¬ 
stead rotate to the left convexity of the curve. 


Figure 10.19. On attempted left lateral flexion, the spinous processes 
(arrow s) are in the midline and actually represent the only motion seen in 
the lumbar segments in attempted left lateral flexion. No movement oc¬ 
curs into the left painful side of this lumbar spine and left lower extremity. 



Figure 10.20. Myelography shows a large L4— L5 filling def ect in the posteroanterior view (arrow'). 



390 


Low Back Pain 





Figure 10.21. Lateral projection of Figure 10.20 shows the flexion of 
L4 on L5 and the bulging of the L4- L5 disc into the dye-filled subarach¬ 
noid space (arrow). 

A good example of Charnlcy’s type VII degenerative disc is 
shown in a case from our clinic: 

Case 3 

The patient in this case was a 52-year-old woman who had back 
surgery 1 year prior to her first visit to our clinic. She had low back 
and leg pain prior to the surgery; and 1 year following surgery, 
she was in greater low back pain and the pain was radiating into 
her right lower extremity fifth lumbar dermatome. 

Figure 10.25 shows a radiograph taken prior to her back 
surgery. Pseudosacralization is seen at L5 on the right with 
marked loss of the L4-L5 disc space and discogenic spondy- 
loarthrotic changes. The left L4 inferior articular facet is hyper¬ 
plastic, creating a pseudoarticulation with the laminae of L5. L3 
is in right lateral flexion subluxation, and tropism at this level is 
noted, the facet on the right being sagittal and the left coronal. 
Also note the arthrotic changes of the pseudosacralization be¬ 
tween L5 and the sacrum and ilium on the right. Figure 10.26 
shows a repeat x-ray study of her spine 1 year following her back 
surgery. Note the further degenerative change in the L4-L5 disc 
and also at the L3-L4 disc, where a marked loss of disc space and 
bone periosteal reaction is seen on contact with the vertebral 
bodies. This represents the concept of moving the ranges of mo¬ 
tion up one segment cephalad following disc degeneration. 

As we know in Bertolotti's syndrome, because of the transi¬ 
tional segment at L5 on the sacrum, the motion takes place at the 
L4-L5 level. As the L4-L5 disc degenerates and is surgically oper¬ 
ated, as in this case, the motion shifts to the L3 level. As can be 
seen, this disc soon deteriorates when required to take up 95% of 
the flexion and extension motion of the lumbar spine. Normally, 


L5-S1 makes up 75% of the flexion and extension motion, and 
L4-L5 20%, with only 5% of the flexion and extension occurring 
in the upper lumbar segments. As each succeeding lumbar disc is 
required to assume more mobility as the one below degenerates, 
that disc is less capable of maintaining that motion and it under¬ 
goes degenerative change. 

Figure 10.27 is a lateral view of the lumbar spine prior to 
surgery. Here is seen the L4-L5 disc degenerated and L3 posteri¬ 
orly subluxated on L4, but still maintaining a good disc space. 

Figure 10.28 taken 1 year following surgery shows that the 



Figure 10.22. The oblique view shows the Filling delect at L4—L5 clue 
to the massive L4— L5 disc prolapse (arrow). 



Figure 10.23. Computed tomography scan shows a large left central 
disc prolapse at the L4—L5 level (arrow). 
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SPINE PAIN ANALGESICS 

± SCIATICA SOMETIMES ARTHRODESIS 

± SPINAL STENOSIS 
OSTEOPHYTES AND NARROWING 


Figure 10.24. A degenerated disc (type VII) either may be the end process of the mechanical and biologic 
effects of normal functioning or may be associated with considerable pain and disability. Arthritis may also 
he in the intervertebral joints. It is important to emphasize that these various stages are a continuum. A given 
disc can move, decelerate, stop, or, in some instances, even reverse. (Reprinted with permission from White 
AA, Panjabi MM. Clinical Biomechanics of the Spine. Philadelphia: JB Lippincott, 1978:290.) 



Figure 10.25. Pseudosacralization of the right L5 transverse process 
(straight arrow), with marked degenerative changes at the L4-L5 disc level 
(curvedarrow) and to a lesser degree at the L3—L4 level ( open arrow). L3 is 
in right lateral flexion on L4. The left L4 inferior facet is hyperplastic and 
creates a pseudoarticulation with the lamina of L5 ( long arrow). Also note 
the degenerative change at the pseudoarticulation of the overdeveloped 
right L5 transverse process with the sacrum. 



Figure 10.26. This is a posteroanterior view of the patient seen in Fig¬ 
ure 10.25, 1 year after surgery for removal of an L4-I.5 disc protrusion, 
and seen is the further disc degeneration at the L4-L5 ( straight arrow) and 
L3—L4 ( curved arrow) levels. The combination of a transitional segment 
and disc degenerative or protrusion changes above it is called Bertolotti’s 
syndrome. The transitional segment has a rudimentary disc and places the 
movement that normally occurred at that level on the disc above. Thus, 
the increased stress causes the disc to become unstable and undergo de¬ 
generation. This is a good example of type VII disc degeneration by 
Charnley’s classification. 
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Figure 10.27. Lateral view of the patient shown in Figure 1 0.25, prior 
to surgery, shows advanced loss ol joint space at the L4—L5 disc level 
(straight arrow), with vertebral plate sclerosis and anterolateral hyper¬ 
trophic traction spurring. The L3—L4 disc (carved arrow) also shows, to a 
lesser extent, the same findings as L4—L5. 

L4-L5 disc has increased its degenerative change; however, the 
L3-L4 disc is markedly degenerated, with marked anterolateral 
lipping and spurring and subchondrosclerosis of the opposing 
vertebral body plates. 

This case is a good example of Bertolotti's syndrome at L5 with 
an L4-L5 disc protrusion. Following surgery at L4-L5, the move¬ 
ment shifted to the L3 segment, which then became the level of 
maximal mobility and also the level of maximal degenerative 
change—a good example of a "domino" effect of disc degener¬ 
ation moving from caudal to cephalic disc levels. 

ORGANIC IDIOPATHIC SPINE PAIN 

Organic idiopathic spine pain is the type of pain present in pa¬ 
tients who are diagnosed clinically as having organic spine pain 
without sciatica for which no known cause is evident. Pain can 
emanate from the disc, or it can result from increased fluid up¬ 
take by the disc (type II), any combination of the previously 
described causative factors, or some mechanism yet to be dis¬ 
covered. 

DISCOGRAPHY: CONTRIBUTIONS TO DISC 
DISEASE DIAGNOSIS 

Discography will be discussed because it clearly defines discal 
changes that result in altered spinal biomechanics and eventual 
pain. Controversy over this imaging modality exists, but few 
physicians treating low back pain and sciatica can resist the 


excitement of seeing the relationship of the disc nucleus pul- 
posus, enhanced by contrast agent, to the anulus fibrosus. 
Nothing can match the definition of change from normal to de¬ 
generative as vividly as discographically enhanced computed 
tomography, or secondarily, discography plain Him study. 

Discography Is More Sensitive to Early Disc 
Disruption Than Is MRI 

Magnetic resonance imaging can miss internal disc disruption 
that can be seen on discography (37, 38). Normal disc signal in¬ 
tensity on MRI does not rule out degeneration. Although a de¬ 
crease in T2-weighted signal intensity on sagittal MRI is virtu¬ 
ally always associated with anular degeneration, normal signal 
intensity does not exclude significant degeneration (39, 40). In 
patients with unrelenting low back pain of apparent discogenic 
origin, lumbar discography should be considered to investigate 
occult morphologic abnormalities of the intervertebral disc 
(37). MRI, which demonstrates disc degeneration, will never 
present normal morphology on discography (38). 

In most cases, however, MRI is equal to discography in the 
diagnosis of degenerative or extruding disc disease (40). Figure 

10.29 demonstrates the MRI Hndings of abnormal L4—L5 and 
L5—SI disc degeneration with the discographic Hndings. Figure 

10.30 similarly shows the contrasting Hndings of MRI and 


I 4* 
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* 

Figure 10.28. The patient shown in Figures 10.26 and Figure 10.27 1 
year after surgery shows extreme L3—L4 discal degeneration (straight ar¬ 
row), as evidenced by loss of joint space and subchondral sclerosis and an¬ 
terolateral hypertrophic spurring. The vacuum phenomenon is seen in 
the anterior L3—1.4 disc area. The L4— L5 disc shows the same degenera¬ 
tive changes as prior to surgery. 
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Figure 10.29. A. T-l weighted sagit¬ 
tal magnetic resonance image (MRI) 
(SE 500/28) demonstrates no obvious 
abnormalities of the disc intensity. B. 
Sagittal MR image T2-weighted (SE 
2000/56) demonstrates decreased signal 
intensity and focal disc bulges at the lev¬ 
els of L4—L5 and L5—S1 (arrows). C. Lat¬ 
eral radiographic discogram demon¬ 
strates degenerated herniated discs at the 
level of L4-L5 and degeneration at 
L5—SI (arrows). L3—L4 is normal in ap¬ 
pearance. (Reprinted with permission 
from Schneiderman G, Flannigan B, 
Kingston S, et al. Magnetic resonance 
imaging in the diagnosis of disc degener¬ 
ation: correlation with discography. 
Spine 1987; 1 2 (3): 2 7 6— 282.) 



Figure 10.30. A. Lateral discogram 
examination demonstrates degenerated 
herniated discs at the level of L3—L4and 
L4-L5. A normal disc is identified at 
L5—SI. Grade 1 spondylolisthesis is seen 
at L3 on L4 (arrow). B. Sagittal MR (SE 
2000/56) demonstrates grade 1 spondy¬ 
lolisthesis L3 on L4 and marked loss of 
signal intensity at the levels of L3—L4 and 
L4-L5 (arrows). Note normal intensity at 
L2—L3 disc and L5—SI disc. (Reprinted 
with permission from Schneiderman G, 
Flannigan B, Kingston S, et al. Magnetic 
resonance imaging in the diagnosis of disc 
degeneration: coiTelation with discogra¬ 
phy. Spine 1987; 1 2(3): 276—282.) 
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discography of L3—L4 and L4—L5 discs with degenerative 
changes and grade 1 true spondylolisthesis of L3 on L4. 

Previously in this chapter the clinical value of discography 
was explained and shown in Figures 10.4—10.6, wherein only 
the axial view reveals the laterally escaping dye from the nu¬ 
cleus. Also, other modalities such as MRI, CT, and myelogra¬ 
phy might he falsely negative as the vertebral canal may not he 
invaded by the disc protrusion, hut the tearing and leaking of 
nuclear material as a pain-producing entity can only he appre¬ 
ciated on the axial CT discogram. 

Discography Twice as Accurate as MRI 

Inferior and superior rim lesions of the anterior anulus fre¬ 
quently are (27 and 10%, respectively) found by histologic in¬ 
vestigation. These tears are seen when greater amplitudes of 
rotation are observed. Discography does not demonstrate all 
peripheral anular lesions, hut parasagittal MRI scanning was 
found to produce twice as many false-negative images as 
discography. A normal MRI signal may occur with a consider¬ 
able reduction in the amount of nuclear material (41). 

Extraforaminal Disc 
Fragmentation Diagnosis 

Persistent radiculopathy, undiagnosed by conventional CT, 
MRI, or myelography, could be an extraforaminal disc hernia¬ 
tion that has escaped detection. Discography is an imaging 
modality of excellent selectivity to uncover this difficult entity 
(42). CT scanning following lumbar discography (discographi- 
cally enhanced CT scan) is an excellent modality for finding 
previously undiagnosed or negative evaluations (43). 

Discography Reproduces Low Back Pain 

Discography is rarely, if ever, painful in asymptomatic individ¬ 
uals, even in those with degenerative discs, but it is frequently 
painful in patients with low back pain. Internal disc disruption 
has been postulated as an important cause of low back pain. The 
key feature of discography is the patient’s response to disc stim¬ 
ulation, not the appearance of the disc. In this regard, discog¬ 
raphy determines whether a degenerative disc has become 
symptomatic. For discography to be positive, disc stimulation must 
reproduce the patient s pain, irrespective of the morphology of the disc. 
With respect to clinical features, no conventional clinical test, 
or combination of tests, could differentiate reliably between 
patients with and without discogenic pain. For a proportion of 
patients, an alternative exists to proclaiming “there is nothing 
wrong with your back” (44). 

Discography identifies the level of disc pain in patients be¬ 
ing considered for spinal fusion (45). During discography the 
outer anulus appears to be the origin of pain reproduction (46). 
Painf ul discs have higher degeneration and disruption scores 
compared with painless discs (47) Pain provocation accompa¬ 
nying discography was not elicited with MRI, thus reducing 
MRTs ability to define the pathologic disc (48). 


Discogenic-induced Lower 
Extremity Radiculopathy 

Radiating Lower Extremity Pain from Within the Disc 

Intradiscal injection of a local anesthetic, 1% lidocaine, after 
producing severe and persistent low back pain with unilateral 
or bilateral radiation to the lower extremities by injecting con¬ 
trast agent into one disc, produced a 75 to 100% reduction of 
the low back pain in 1 3 patients, and a 75 to 100% reduction 
of radiating pain was experienced by 16 patients within 60 sec¬ 
onds. The conclusion was that the pain of some patients with 
low back pain and unilateral and bilateral radiation to the lower 
extremities arises from within the disc. In these cases the pain ra¬ 
diating to the lower limb seemed to be a ref erred type pain and 
was unrelated to direct nerve root compression or irritation by 
a disc fragment in the epidural space (49). 

Figures 10.31 and 10.32 show two patients with discogra¬ 
phy reproducing the low back and lower extremity pain they 
had experienced. Figure 10.31 demonstrates an L5-S1 small 
posterior central disc hernia on CT scan without nerve root 
compression; however, discography reveals contrast medium 
leaking into the posterior disc space and vertebral canal, pro¬ 
ducing left lower extremity thigh and buttock pain. Figure 
10. 32 shows a small anterior tear of the inner anulus flbrosus 
that caused the left buttock and thigh pain complaint of a 
2 3-year-old man. The benefit of discography is its ability to re¬ 
produce the patient’s symptoms and signs, even when other 
imaging modalities show subtle or no signs of internal disc de¬ 
rangement or disc leaking. 

How Is Radiculopathy Caused by Internal 
Disc Derangement? 

Lindblom (50) introduced discography in 1948 and its validity is 
controversial today. Proponents state that the pain-sensitive 
structures responsible for the radiating pain to the lower ex¬ 
tremity are located somewhere inside the disc, probably in the 
external part of the anulus flbrosus and in the longitudinal liga¬ 
ments (49). Rat studies have documented sensory nerve fibers 
and endings in the disc and it is reasonable to infer their existence 
in the human. Radiation into the lower extremities because of an¬ 
ular disruption and disc rupture has been suggested (51—53). 

Leaking of nuclear material through an anular tear estab¬ 
lishes a chemical inflammatory reaction within the pain-sensi¬ 
tive anular peripheral fibers that produce the radiation into the 
lower extremities. This is poorly understood so far as the ner¬ 
vous system pathways involved in producing radiculopathy are 
concerned (54—59). 

Pain produced following injection of contrast during discog¬ 
raphy has the following characteristics that support the concept 
that it is the sudden intradiscal pressure that stretches the nerve 
endings that causes the pain (49): 

1. The postinjection pain is often violent and immediate. 

2. In large posterior anular tears with intact posterior longitu¬ 
dinal ligaments, the pain occurs at the end of the injection 

when resistance to the injection is felt to start. 
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Figure 10.31. A 24-year-old man with low hack pain radi¬ 
ating to both lower extremities. A and B. Consecutive 5-mrn 
computed tomography sections through the L5—SI disc space 
show small posterior central herniation without obvious nerve 
root compression. C. Three-level discogram, lateral projec¬ 
tion, shows complete rupture ol the L5—SI posterior anulus 
with reflex of contrast medium beyond the posterior margin 
of the disc space (arrow). Injection reproduced the patient’s 
typical low back pain with radiation down the left buttock and 
thigh. D. Anteroposterior view shows the central direction of 
the posterior anular tear. (Reprinted with permission from 
Milette PC, Fontaine S, Lepanto F, et al. Radiating pain to the 
lower extremities caused by lumbar disc rupture without 
spinal nerve root involvement. AJNR 1995;16:1605-1613.) 



Figure 10.32. A 2 3-year-old man with low back pain 
radiating to the lef t buttock and left thigh. A and B. 
Consecutive 5-mrn computed tomography (CT) sec¬ 
tions through the L5—SI disc space (suboptimal because 
inclination of the disc plane exceeded the maximal 
gantry tilt capacity). The disc appears normal. C and D. 
Thi ■ee-level discogram shows abnormal extension of 
contrast medium into the central anterior part of the an¬ 
ulus of the L5—SI disc. Injection into the disc repro¬ 
duced the patient’s typical symptoms, including radia¬ 
tion to the left buttock and thigh. Injection of L3—L4 and 
L4— L5 discs did not cause any pain; these discs show a 
normal appearance. E. Close-up lateral view of the 
L5-S1 disc shows incomplete rupture of the anterior an¬ 
ulus with extension of contrast to the approximate level 
of the inner concentric fibers of the outer part of the an¬ 
ulus (arrow). F. Postdiscogram CT section through the 
L5—SI disc (not part of the usual protocol) confirms the 
limited extension of the anterior tear to the approximate 
junction of the internal and external parts of anulus (ar¬ 
row). This study also failed to demonstrate the left di¬ 
rection of the tear or additional tears leading to the left 
side of the disc, which could explain this patient’s radi¬ 
ating pain to the left lower extremity. (Reprinted with 
permission from Milette PC, Fontaine S, Lepanto L, et 
al. Radiating pain to the lower extremities caused by 
lumbar disc rupture without spinal nerve root involve¬ 
ment. AJNR 1995;16:1605-1613.) 
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3. Large posterior anular tears and posterior ligament tears 
produce little pain on injection. The contrast agent can be 
two or three times the amount normally injected because it 
can flow into the anterior vertebral canal. In a normal disc 
injection of contrast medium for discography, 1.0 mL to 2.0 
mL (by hand injection using a 5 mL ordinary plastic syringe) 
was allowed within the nuclear space. A ruptured disc will 
allow more fluid without the high resistant pressure of a nor¬ 
mal disc. 

4. The contrast agent is not the irritating factor in discography 
(49). 

Injection of local anesthetic into an intact anulus 
fibrosus with resultant relief of lower extremity pain 
supports the concept of discogenic pain and the con¬ 
clusion that a simple disc anular tear, without direct 
nerve root compression by disc material, can account 
for low back pain with radiating pain to the leg. The 
fact that these discs are labeled “degenerated bulging 
discs” misleads the referring physician and the pa¬ 
tient to think that the cause of the symptoms has not 
been identified (49). 


Classification of Discographic Findings (60) 

Figure 10.2 is the Dallas grading system for discogram 
changes: 


Anulus Degeneration 

0 — no change 

1 — local (10%) 

2 — partial (< 50%) 

3 = total (> 50%) 


No anular distortion 
Into inner anulus 
Into outer anulus 
Beyond outer anulus 


Bernard (61) classified disc appearance on CT-discography 
into seven types: 


Type I: 
Type II: 
Type III: 
Type IV: 
Type V: 
Type VI: 
Type VII: 


Normal CT-discogram (Fig. 10.33) 

Anular tearing (Fig. 10.34) 

Anular tears leading to radial fissuring (Fig. 10.35) 
Protruding disc herniation (Fig. 10.36) 

Extruded disc herniation (Fig. 10.37) 
Sequestrated disc herniation (Fig. 10.38) 

Internal disc disruption (Fig. 10. 39) 


Discography Demonstration—Normal 
and Abnormal 

Figure 10.40 is a discogram of a normal nucleus pulposus 
within the anulus fibrosus. 

Figure 10.41 is a frontal view of a discogram revealing right 
lateral escape of nuclear material into the anulus fibrosus of the 
disc. 

Figure 10.42 shows both L4--L5 and L5 SI escape of nu¬ 
clear material into the anulus fibrosus of the discs. Note also the 


Figure 10.33. A. Schematic ol a nor¬ 
mal computed tomography (CT)- 
discogram, type 1. B. The internal disc 
morphology is more clearly seen on this 
normal CT-discogram using the hone 
window setting. (Reprinted with permis¬ 
sion from Bernard T. Lumbar discogra¬ 
phy followed by computed tomography: 
Refining the diagnosis of low hack pain. 
Spine 1990; 1 5(7):690-707.) 
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Figure 10.34. A and B. Pain may he 
the only abnormal finding in type 11 de¬ 
generated disc because insuf ficient anular 
tears exist for a radial fissure to he seen. 
(Reprinted with permission from Ber¬ 
nard T. Lumbar discography followed by 
computed tomography: refining the diag¬ 
nosis of low hack pain. Spine 1990; 
1 5(7):690-707.) 
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Figure 10.35. A and B. Confluence of anular tears leads to radial fissuring, which can occur posteriorly, 
posteriolaterally, or laterally. C and D. Examples of type III radial fissuring. (Reprinted with permission 
from Bernard T. Lumbar discography followed by computed tomography: Refining the diagnosis of low 
back pain. Spine 1990; 1 5(7):690-707.) 



Figure 10.36. A. Tyj ie IV represents a protruding disc herniation. B—D. Types IVA, IVB, and IVC. 
(Reprinted with permission from Bernard T. Lumbar discography followed by computed tomography: Re¬ 
fining the diagnosis of low back pain. Spine 1 990; 1 5(7):690—707.) 
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Figure 10.37. Tyj :>e V: extruded disc herniation. (Reprinted with per¬ 
mission from Bernard T. Lumbar discography followed by computed to¬ 
mography: Refining the diagnosis of low hack pain. Spine 1990; 15(7): 
690-7070 


Figure 10.38. Tvpc VI: sequestered disc herniation. (Reprinted with 
permission from Bernard T. Lumbar discography followed by computed 
tomography: Refining the diagnosis of low back pain. Spine 1990; 
1 5(7): 690-707.) 



Figure 10.39. A and B. Type VI1: internal disc disruption. (Reprinted with permission from Bernard 
T. Lumbar discography followed by computed tomography: Refining the diagnosis of low back pain. Spine 
1990;15(7):690-707.) 
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Figure 10.42. L5—SI advanced disc degeneration showing nuclear 

Figure 10.40. Normal discogram. leaking; not L4—L5 normal disc space shows marked internal disruption 

of the anulus with nuclear leaking. 



Figure 10.41. Right lateral nuclear leaking. 


major thinning of the L5—SI disc space and the contrasting rel¬ 
atively normal appearing space at the L4—L5 disc level where 
marked internal disruption of the anulus with escape of the dye 
into the outer zone of the anulus fails to exhibit narrowing of 
the disc space as might be expected with such a marked degen¬ 
erative change. It is an example of the contrast between the disc 
appearance on plain x-ray film and actual visualization via 
discography. 

Figure 10.43 further reveals the lateral migration of nuclear 
material into the anulus fibrosus on this frontal view of the disc 
seen in Figure 10.42 at the L5— SI level. 

Figure 10.44 shows escape of the contrast medium anterior 
to the vertebral body and flowing inferiorly. This type of study is 
enlightening as it shows the degree to which nuclear material can 
escape and track superiorly or inferiorly along the vertebral bod¬ 
ies, either subligamentous or extraligamentous. Also, the for¬ 
mation of traction spurs and osteophytes at the sites of anular 
fiber tearing and nuclear escape can be appreciated from this 
study. 

Figure 10.45 exhibits marked escape of dye into the outer 
zone of the anulus fibrosus, indicating progressive radial fissur- 
ing of the disc to allow such internal disruption. The dye has 
leaked through the lateral anulus (arrow). 

Figure 10.46 shows unilateral escape of dye with a strange 
deformation of the flow at the outer anular margin (arrow). 

Figure 10.47 demonstrates the cloacal flow of dye poste¬ 
riorly through a radial tear in the anulus fibrosus (arrow). 
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Figure 10.43. 


Marked lateral nuclear migration into the anulus. 



Figure 10.44. Anterior nuclear leaking. 



Figure 10.45. Outer anular leaking of contrast material. 
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Figure 10.46. Unilateral contrast media creating strange deterioration of outer anular margin. 



Figure 10.47. Posterior ladial tear of anulus. Figure 10.48. Frontal view of Figure 1 0.47 showing lateral escape of 

contrast. 


Note how the flow is directed toward the vertebral body 
plate of the sacrum, which is common for radial fissures to do. 

Figure 10.48 is a frontal view of Figure 10.47 showing 
the dye also escapes laterally ( arrowhead ), which is not 
appreciated on the lateral projection in Figure 10.47. 

Figures 10.49 and 10.50 are the lateral and frontal views of 
the L3-L4 disc space showing both the posterior and lateral es¬ 
cape ol the dye through radial anular tears and internal disrup¬ 
tion of the disc. 


Seeing the tearing and internal disruption of the discs on 
these discograms enhances appreciation for the nerve innerva¬ 
tion within the anular fibers and the potential source of pain 
they represent. Further, in discs that appear normal on plain x- 
ray film, or even MRI, the realization that such advanced in¬ 
ternal change can take place and escape detection without 
discography is disturbing to the clinician evaluating low back 
pain patients. 
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Figure 10.49. 


Lateral view of L3 L4 disc space showing posterolateral contrast leak. 



Case 4 

A 33-year-old woman complained of left low back pain and a 
"pins and needles" feeling down both anterior and posterior 
thighs, legs, and feet. The left foot swells and is cold to touch. 
The middle toes are more numb than the others. The pain started 
following an air compressor falling on her. Chiropractic care after 
the injury did not help her and she lost 30 pounds. Moving fur¬ 
niture caused increased numbness and tingling of the left lower 
extremity, and an MRI of the lumbar spine showed degenerative 
L5-S1 disc disease. Naprosyn did not help. Persistent, unrelenting 
pain to all forms of care led to a discogram being ordered. 

Figures 10.51 and 10.52 are anteroposterior and lateral lum¬ 
bar spine studies which reveal minor anterolateral vertebral body 
end plate hypertrophy. Surgical clips are from a nephrectomy be¬ 
cause of an infection. 

Figures 10.53 and 10.54 are lateral and frontal discogram 


views showing leaking of nuclear material at the L2-L3 and L3-L4 
levels anteriorly, laterally, and posteriorly into the anulus fibrosus. 

Figure 10.55 reveals L3-L4 nuclear material to leak anteriorly 
C long arrow), under the anterior longitudinal ligament as a sub- 
ligamentous leak, as well as posterolaterally (short arrow). 

Figure 10.56 at the L5-S1 level shows right posterolateral nu¬ 
clear leak (arrow), which does not cause a focal herniation of an- 
ular material into the vertebral canal. Therefore, all of these 
discography studies fail to show any disc herniations into the ver¬ 
tebral or osseoligamentous canals to cause cauda equina or nerve 
root compression. 

Figures 10.57 and 10.58 are sagittal T2 and axial cuts, which 
again fail to show any posterolateral disc protrusion on sagittal 
section, although evidence is seen of lower disc space hy- 
pointensity, especially at L5-S1. Figure 10.58 specifically is shown 
to reveal the absence of the right renal shadow and the presence 
of the left kidney (arrow). 
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c- -in c-i a . .li i- I Figure 10.52. Lateral lumbar spine radiograph. 

Figure 1U. 31. Anteroposterior lumbar spine radiograph. 3 i & i 



Figure 10.53. L2—L3 and L3—L4 nuclear leaking—lateral view. 



Figure 10.54. L2—L3 and L3—L4 nuclear leaking. 



Figure 10.55. L 3—L4 anterior nuclear leaking and pos¬ 

terolateral leaking. 


Figure 10.56. L5—SI right posterolateral nuclear leaking 

without herniation. 


Figure 10.57. Sagittal magnetic resonance imaging shows 
hypointensity of disc. 
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Figure 10.58. Axial magnetic resonance imaging shows 
right renal shadow absence. 


From this discographic study the impression was that all lum¬ 
bar discs except L1-L2 were internally deranged with escape of 
nuclear material anteriorly, laterally, and posteriorly throughout 
the lumbar spine. The L2-L3 level showed anterior and left pos¬ 
terolateral disc nuclear escape, the L3-L4 level revealed anterior 
and left posterolateral nuclear escape (Fig. 10.55), the L4-L5 level 
revealed lateral escape of nuclear material, whereas the L5-S1 
level (Fig. 10.56) revealed right posterolateral nuclear escape that 
did not cause discal herniation. 

As discussed throughout this textbook, it is to be remembered 
that anular fiber irritation is a cause of low back, flank, groin, and 
thigh pain. In light of the fact that this patient had no evidence 
of disc herniation to warrant surgery, the clinical assumption was 
made that her pain was caused by anular disc disruption and nu¬ 
clear escape into the anular rents. 

Treatment was distraction adjustments and range of motion 
restoration of the lumbar spine. No progressive neurologic 
deficits were seen in this case. The patient attended low back 
wellness school, did the Cox low back pain exercises for strength 
and flexibility, took glycosaminoglycan and glucosamine sulfate, 
and returned home for care to a local chiropractor following 3 
weeks of care in our clinic. The result was a slow relief of the low 
back and left lower extremity pain. No other follow-up is known. 

Criteria for Discography Use 

The Executive Committee of the North American Spine Soci¬ 
ety states: “Discography is indicated in the evaluation of pa¬ 
tients (a) with unremitting spinal pain, with or without ex¬ 
tremity pain, of greater than four months’ duration; ( b ) when 
the pain has been unresponsive to all appropriate methods of 
conservative therapy; (c) patients should have undergone in¬ 
vestigation with other modalities . . . [CT, MRI, myelography]; 
(J) when a decision has been made that the clinical problem will 
require surgical management” (62). 

Position Statement From the North American Spine 
Society Diagnostic and Therapeutic Committee 

“Particular applications include patients with persistent pain in whom disc ab¬ 
normality is suspect, but noninvasive tests have not provided sufficient diag¬ 


nostic information or the images need to be correlated with clinical symptoms. 

In patients in whomfusion is being considered, discography's role in such cases 
is to determine if discs within the proposed fusion segment are symptomatic and 
if the adjacent discs are normal. Discography appears to be helpful in patients 
who have previously undergone surgery but continue to experience significant 
pain. In such cases, it can be used to differentiate between postoperative scar 
and recurrent disc herniation and to investigate the condition of a disc within, 
or adjacent to, a fused spinal segment to better delineate the source of symp¬ 
toms. Discography can be used to confrm a contained disc herniation, which 
is generally an indication for such surgical procedures. Frequently, discogra¬ 
phy is foil owed by axial computed tomography scanning to obtain more infor¬ 
mation about the condition of the disc" (63). 

Discography Differentiates Herniated from 
Degenerated Discs 

A herniated disc is painful on discography, but degenerative 
disc disease is not painful on discography (1477 IVDs in 5 2 3 pa¬ 
tients). Pain provocation showed little relation to intradiscal 
deterioration, whereas a strong relation was found between 
pain and herniated nucleus pulposus (64). The end plate may 
be a possible pain source during clinical discography (65). 
Discographically painful discs may b e surgically arthrodesed for 
relief (66). 

Complications Reported with Discography 

Diagnostic discography was complicated by discitis in 7 of4400 
injections (16%). Spinal cord compression is a rare complica¬ 
tion of cervical discography. The inherent danger associated 
with discography mandates blinded, controlled clinical trials to 
establish the true efficacy of the procedure in evaluating de¬ 
generative disc disease (67). 

Syndesmophytes Revealed by Discography to be 
Anterior Disc Protrusion 

Anterior protrusion of a lumbar disc is a recognized lesion since 
Cloward first reported it more than 40 years ago by discogra¬ 
phy, and it is one of the causes of syndesmophyte formation. 
Perhaps an anterior syndesmophyte could serve as an indication 
for performing discography (68). 
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Torsion Shifts Axial Motion Posterolateral Where 
Discography Shows Herniation 

Lumbar flexion-extension and rotation movements under axial 
loads are thought to be important factors implicated in lumbar 
disc herniation, with all these movements combining to form 
complex loads that induce disc herniation. Flexion-extension 
movement under axial loading accelerated the formation of 
posterior anular fissures at the weak points of the disc. Torsion 
shifts the center of spinal movement to a posterolateral direc¬ 
tion in the disc. Interestingly, these directions are identical to 
the herniation routes of the intraforaminal and extraforaminal 
disc herniations shown by computerized lumbar discography as 
oblique routes to the sagittal plane in the disc. Lumbar com¬ 
puted tomographic discography allows the herniationroutes to 
be observed in detail, and these findings provide usef ul clinical 
information (69). 


WHEN TO ORDER DIAGNOSTIC 
IMAGING STUDIES 

The appropriate time to order radiologic or other studies such 
as CT and MRI depends on patient status and response to treat¬ 
ment (70). 


MRI Used Only After 4 to 6 Weeks of 
Conservative Care 

For the patient with acute low back pain, ordinarily no initial 
imaging studies are needed. If fracture, tumor, or infection is 
suspected, however, plain x-ray studies may be helpf ul in rul¬ 
ing them out. If radiculopathy, signs of neural compression, or 
back pain unresponsive to conservative therapy persists after 4 
to 6 weeks, MRI may help to provide a definitive diagnosis. CT 
is appropriate if stenosis or spondylolysis is suspected yet inad¬ 
equately depicted by MRI. If multiple levels of pathology are 
suspected, selective nerve root blocks or discography can help 
determine at which level the back pain is originating. Concen¬ 
tric anular bulging is a normal MRI finding in the aging spine, 
appearing in 80% of asymptomatic patients aged more than 60 
years (71). 


MRI Combined with Positive Neurologic 
Signs Confirms the Diagnosis of 
Herniated Disc 

If the patient has radiating leg pain below the knee, paraesthe- 
sia of the dermatome, positive straight leg raise, and neurologic 
deficits, an abnormal MRI will confirm the appropriate diag¬ 
nosis (72). 

The following outline lists indications for ordering diagnos¬ 
tic imaging for patients with suspected radiculopathy caused by 
intervertebral disc herniation (70). 


If the patient has ... 

Loss of bladder or bowel 
function or rapid 
deterioration in 
neurologic function 
Slow, progressive 
neurologic loss of 
motor or sensory or 
reflex function 
No neurologic deficits 
but severe pain 


Mobility with some 
leg pain 


More leg pain than 
back pain 
Back pain only 


Order imaging studies ... 

Immediately, on an emergency 
basis 


As soon as possible, to avoid 
future permanent neurologic 
deficits 

After a 4 to 6 week delay while 
conservative treatment 
is attempted to resolve 
pain; sooner if patient is 
severely incapacitated and 
bedridden 

After a 6 to 10 week delay 
unresponsive to conservative 
treatment and depending on 
results of clinical examination 
and treatment 

Earlier rather than later 

Perhaps never, because 
radiographic results are 
unlikely to change treatment 
protocol significantly 


MRI Evidence of Disc Bulge or Herniation 
May Be Frequently Coincidental 

More than 50% of asymptomatic persons show bulging or 
herniated discs on MRI or other imaging modalities, and they 
should be regarded as normal findings unless clinical findings 
conf irm their importance. Back pain af fects nearly half of all 
adults during a given year, and about two thirds of adults 
have back pain at some time in their lives. Up to 85% of pa¬ 
tients with low back pain cannot be given a definitive diag¬ 
nosis (73). 

One expert neuroradiologist was 30% more likely to inter¬ 
pret a study as showing a disc protrusion than a second expert 
neuroradiologist reading the same films. More precise termi¬ 
nology in the interpretation of imaging studies along with the 
recognition of the wide range of normal findings will allow bet¬ 
ter use of modern imaging procedures (73). 

MRI Lacks Specificity and Sensitivity 

Sensitivity is the ability of a test to accurately identify a disease 
by being positive. Specificity is the ability of a test to identify 
patients without disease, or to find a negative outcome for the 
presence of a disease. MRI can identify a lesion, but is unable 
to detail the relationship of the finding with the patient’s symp¬ 
toms. Figure 10.59 is a chart showing the CT and MRI positive 
findings of normal persons showing disc herniation, spinal 
stenosis, facet abnormality, or other pathology. Note that 79% 
of persons over age 60 show bulging discs (74). 
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Computed tomography and 


magnetic resonance imaging results on 

normal subjects 


CT results: “normal subjects” (N 

= 52) 


Age 



Under 40 

Over 40 

Herniated disc 

20% 

27% 

Spinal stenosis 

0% 

3% 

Facet abnormality 

0% 

10% 

Any abnormality 

20% 

50% 

From Wiesel et al. (1984). 

MRI results: “normal” subjects (N 

= 67) 


Age 



Under 60 

Over 60 

Herniated disc 

22% 

36% 

Spinal stenosis 

1% 

21% 

Bulging disc 

54% 

79% 

Degenerated disc 

46% 

93% 


From Boden et al. (1990). 


Figure 10.59. (Reprinted with permission from Deyo R. Linder- 
standing the accuracy of diagnostic tests. In: Weinstein JN, Rydevik ABL, 
Sonntag VKH, eds. Essentials of the Spine. New York: Raven Press, 
1995:65.) 

MRI Confirmation of Disc Herniation in 
Asymptomatic Persons 

Magnetic resonance imaging examination of 41 women without 
symptoms showed that 54% had a disc bulge or herniation at one 
or more disc spaces at the L 3—L4, L4— L5, and L5—L1 levels. An- 
ular “tears” can be painful, possibly because of the contents of 
the nucleus pulposus leaking into the epidural space with related 
nerve irritation. The reported prevalence of posterior radial 
tears at autopsy in asymptomatic people is 40% for those be¬ 
tween ages of 50 and 60 years and 75% for those between 60 
and 70. Anular tears may lead to disc degeneration (75). 

No Correlation Between Pain and Disability 
and Disc Size or Type 

Twenty-five patients underwent physical examinations at 6 
weeks and 6 months. Initial symptoms and clinical course were 
correlated with type, size, location, and enhancement of disc 
herniations. Agreement between clinical and MRI findings for 
level and side of herniated nucleus pulposus and radicular 
symptoms was excellent. There was no correlation oj pain and dis¬ 
ability with disc size, behavior, or type (76). 

Matsubara et al. (77) reported on 32 conservatively treated 
sciatica patients with MRI-proven lumbar disc herniations. 
MRI was performed at the acute onset, and at 6 and 1 2 months 
after relief. The spinal canal occupied by the disc herniation in 
the acute stage was 32%, on average, 29% at 6 months, and 


25% at 1 year. The size of the disc herniation decreased 20% in 
size in 34% of the patients, 10 to 20% in 28% of the patients, 
and was unchanged in 38% of the patients. Symptoms and signs 
do not correlate with the degree oj herniated nucleus pulposus reduc¬ 
tion. 

The mere presence of neural compromise in a disc hernia¬ 
tion does not signal that it is symptomatic or requires treatment 
(78). 

Surgical Need Is a Clinical, Not An 
Imaging, Decision 

Most imaging shows abnormal discs. Both doctor and patient 
must understand that these are most commonly caused by inci¬ 
dental degenerative conditions and that the imaged abnormal¬ 
ity does not necessarily explain the symptoms (79). 

The indications for disc surgery are clinical, few, and clearly 
defined: 

1. Sciatic pain, not relieved after an adequate first trial of rest 
(generally, about 3 weeks). 

2. Return of sciatic pain within 1 year. 

3. Progressive or prof ound weakness of foot movement. 

4. Urinary bladder retention occurs rarely. 

The indications for surgery for prolapsed intervertebral disc or 
spinal stenosis are clinical. No radiologic indications are found for 
surgery. Imaging serves to confirm the clinical diagnosis and, at 
times, to locate the condition more precisely (79). 

Asymptomatic Patients Show Disc 
Herniations on MRI 

Magnetic resonance imaging studies of the lumbar spine com¬ 
pared 46 asymptomatic and 46 patients with low back and sci¬ 
atic pain and found 76% of the asymptomatic patients showed 
disc herniations on MRI versus 96% of the symptomatic pa¬ 
tients (80). 

Early Imaging Discouraged Without Presence of 
Neurologic Complications (81) 

“Let's get a magnetic resonance imaging scan to see if there is 
anything wrong with the spine” is the beginning of a dangerous 
thought process. This danger arises from the high prevalence of 
abnormal findings on images of asymptomatic individuals. Ex¬ 
cessive reliance on diagnostic studies without precise clinical 
correlation can lead to erroneous or unnecessary treatment of 
degenerative disorders of the lumbar spine (82). 

When and What to Image 

Acute low back pain. Imaging is not necessary during the 
first 6 weeks if the patient does not have neurologic findings, 
constitutional symptoms, a history of traumatic onset of the 
symptoms or of a malignant tumor, or an age of more than 50 
or less than 1 8 years. After 6 weeks, if no clinical improvement 
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has occurred, plain anteroposterior and lateral radiographs may 
he ordered. 

Chronic low back pain. MRI is the best imaging modal¬ 
ity for the assessment of intervertebral disc degeneration. 

Herniated disc. MRI. 

Leg pain without neural compression. Chemical radi¬ 
culitis can result from leakage of irritants f rom the nucleus pul- 
posus through an anular tear. In such a situation, discography 
may demonstrate extravasation of contrast medium at the cor¬ 
rect level and side of the affected nerve root. 

Failed back surgical syndrome. It has been estimated 
that 300,000 first-time laminectomies are performed in the 
United States annually, and as many as 15% of these patients 
may have continued or recurrent pain and disability. 

Nonunion of the site of a spinal arthrodesis is difficult to di¬ 
agnose with use of noninvasive imaging. Stereophotogramme- 
try can help document small degrees of motion. Plain tomog¬ 
raphy can be useful in observing the trabecular bone pattern 
and the continuity of the fusion mass, and CT (axial or three- 
dimensional reconstructions) can increase visualization of a 
lumbar fusion mass (82). 

Pain in a lower limb after a previous operation needs imaging 
to distinguish scar tissue from treatable entities, such as a resid¬ 
ual or recurrent herniation of an intervertebral disc or spinal 
stenosis. With unenhanced CT, scar tissue can be distinguished 
from disc material in 43 to 60% of these patients. CT with in¬ 
travenous injection of a contrast agent increases the likelihood of 
a correct diagnosis to 70 to 83%. The diagnostic accuracy of con¬ 
trast medium-enhanced MRI approaches 96 to 100%. 

Arachnoiditis can be seen on MRI scans postoperatively as 
one of three distinct patterns: central clumping of the nerve 
roots, the appearance of an empty sac because of peripheral 
clumping of the nerve roots, and a soft tissue mass in the sub¬ 
arachnoid space. Arachnoiditis occurs in less than 5% of pa¬ 
tients who have persistent symptoms postoperatively (82). 

Physician Opinion Determines Testing 

Patient symptoms and findings do not dictate testing, rather 
physician opinion does. Less than 20% of family physicians or 
orthopaedic surgeons would order imaging studies for acute 
uncomplicated back; however, more than 50% of neurosur¬ 
geons or neurologists would order such studies. A need for ad¬ 
ditional clinical guidelines as well as better adherence to exist¬ 
ing guidelines is needed. When indirect costs associated with 
disability compensation and lost productivity are included, the 
total annual costs associated with back pain in the United States 
may be as high as $ 100 billion. Early imaging has been discour¬ 
aged and should generally be reserved for patients with neuro¬ 
logic abnormalities suggesting nerve root compression whose 
pain has not been relieved after several weeks of conservative 
therapy (81). 

Imaging Limited For Low Back Pain and 
Sciatica Patients 

The American Society of Neuroradiology made the following 
observation and strong statement: 


“Which /Wft pulse sequences are best jor imaging the lumbar spine?”, although 
still useful, is no longer the most important question; rather it is, “Is imaging 
necessary jor the workup ojlow back pain?" 

It is well known in spine imaging (cervical and lumbar) that approxi¬ 
mately 30 to 33% of asymptomatic patients will show disc abnormalities on 
either CT or MRl studies. 

In one study oj 120 patients with herniated disc disease, 82% had only 
conservative treatment; of those, 71% had a “good outcome. "Of those patients 
treated conservatively and rescanned by CT, 63% showed a decrease in the her¬ 
niated nucleus pulposus, 29% showed no change, and 8% had an increase in 
the herniated nucleus pulposus (S3). 

HTiat explains the decrease in the herniated nucleus pulposus on the CT 
scan in the face of conservative treatment? The herniated disc material actu¬ 
ally may be resorbed. Portions of it may regress back into the native disc space 
over time. Another possibility is that on the CT scan, what is called a “herni¬ 
ated disc" may, in fact, be inflammatory tissue plus disc, making the initial 
assessment of the disc to appear larger than it really is. 

Why didn 't CTJindings discriminate between outcomes, that is, between 
patients requiring surgery and those who responded to conservative treat¬ 
ment? As a result of this observation, one legitimately can ask what the pur¬ 
pose of an imaging study is if it does not have an impact on treatment or 
outcome. 

For patients with sciatica, no imaging studies appear warranted be¬ 
cause they do not change treatment. It is not yet clear whether imaging is 
even indicated in those patients who Jail the initial course of conservative 
treatment. For low hack pain that is not or is atypical of sciatica, imaging 
is likely indicated. It is, therefore, important for the radiologist, in con¬ 
junction with other subspecialists, to develop guidelines for primary care 
physicians to when an imaging study is appropriate in the workup of back 
pain (S3). 

Conservative Care Urged Before MRI or 
Other Imaging Ordered 

Magnetic resonance imaging has not improved surgical or non- 
surgical management strategy. Without neurologic deficit, ev¬ 
idence of fracture, infection, or neoplasia, nonsurgical therapy 
should be administered for adult patients with low back pain 
syndrome of less than 7 weeks duration before further diag¬ 
nostic imaging is ordered (84). 

COMPARISON OF IMAGING MODALITIES IN 
DISC HERNIATION DIAGNOSIS 

MRI Found Superior to Other Imaging 

The sensitivity, specificity, and accuracy of CT myelography 
(CTM), MRI, and myelography in making the diagnosis of her¬ 
niated nucleus pulposus (HNP) and spinal stenosis were com¬ 
pared in a retrospective study involving 59 surgical procedures 
in 57 patients who had all three tests performed preopera- 
tively. 

It seems that CTM is the most sensitive and accurate test in 
diagnosing HNP and spinal stenosis, whereas myelography is 
the most specific, although no statistical significance was noted 
in this study. However, because MRI did compare favorably 
with CTM in most instances, particularly in revision surgery, 
it may be the procedure of choice because of its noninvasive- 
ness and relative lack of side effects (85). 

Magnetic resonance imaging accurately predicted the oper- 
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ative findings in 98 of 102 disc levels (96%). Significantly less 
accurate were myelography (81%) and postmyelogram CT 
scan (57%). When myelography and CT scan were used 
jointly, the accuracy was 84%. MRI is a clinically superior di¬ 
agnostic test in the evaluation of patients with suspected lum¬ 
bar disc herniation, and it should be the diagnostic study of 
choice when available. Its noninvasive nature, multiplanar ca¬ 
pabilities, and the lack of ionizing radiation are particularly de¬ 
sirable for patient and physician (86). 

MRI Advantages in Diagnosis 

To begin the discussion of the advantages of MRI, I will share 
one of the finest explanations of CT and MRI physics I have 
read. It is written and reprinted with permission by Richard J. 
Herzog (87). 

Magnetic Resonance Imaging/Computed Tomography 

It will be assumed that one has already acquired plain films 
prior to ordering these additional costly studies and that they 
are obtained only to answer a specific diagnostic or therapeutic 
question. 

With computed tomography, an x-ray source is used to 
generate cross-sectional images. CT images are representa¬ 
tions of differential x-ray attenuation by tissue. This attenua¬ 
tion is determined by the tissue’s electron density. Spatial and 
contrast resolution is dependent on the energy of the x-ray 
source, slice thickness, field of view, and scanning matrix. A 
variety of pre-and postprocessing software programs are avail¬ 
able to optimize the evaluation of soft tissue or osseous struc¬ 
tures. To obtain a high-resolution multiplanar CT study, it is 
necessary to utilize thin (1.5 mm), contiguous sections in the 
cervical spine and overlapping (5 mm thick with a 2-mm over¬ 
lap) or contiguous (3 mm thick) sections in the lumbar spine 
to create optimal computer-generated sagittal and coronal re¬ 
constructed images. The diagnostic quality of CT with multi¬ 
planar reformations (CT/MPR) is highly dependent on pa¬ 
tient immobility to prevent misregistration artifacts. An entire 
CT study can currently be performed extremely quickly, par¬ 
ticularly with the new spiral CT scanners, and, therefore, it is 
usually not difficult for a patient to maintain a single position. 
With current rapid scanning techniques, patient x-ray expo¬ 
sure has been significantly reduced, but still the risk of radia¬ 
tion exposure must be considered when ordering an examina¬ 
tion. If a CT study is needed, a multiplanar exam should be 
performed, including sagittal and coronal reformations. Mul¬ 
tiplanar CT can be obtained if the initial axial sections are con¬ 
tiguous or overlapping. The strength of CT is its excellent res¬ 
olution of bone (Fig. 10.60) and, theref ore, it is frequently 
ordered in cases of trauma to detect fractures and fracture 
fragment displacement. Computed tomography is also fre¬ 
quently obtained preoperatively in the evaluation of patients 
with stenosis or tumors that have invaded the osseous struc¬ 
tures. 

With the implementation of high-quality MRI and CT, it is 
now rare that myelography or CT/myelography is needed. It 


still may be indicated if a diagnosis of arachnoiditis, meningeal 
metastasis, dural tears, pseudomeningoceles, or epidural ab¬ 
scess is being considered. In some centers CT-myelography is 
still obtained in the preoperative evaluation of patients with 
spinal stenosis. Radionuclide studies are usually limited to sit¬ 
uations where screening of the entire body is required (e.g., in¬ 
fection or metastatic disease). Tomographic radionuclide stud¬ 
ies may be of benefit in the detection of stress reactions or 
fractures of the pars interarticularis. 

Whereas an image created with an x-ray source is deter¬ 
mined by the electron density of the tissue, MR images are a 
construct of totally different physical properties of tissue. If a 
nucleus of an atom contains either unpaired protons or neu¬ 
trons, it will have a net spin and angular momentum. Each 
spinning nucleus is surrounded by a magnetic field and can be 
thought of as a small bar magnet or dipole, with a north and 
south pole. If the body is placed in a static external magnetic 
field (i.e., the MR magnet), the normal random position of 
the nuclear dipoles in the body will be altered, and they will 
align themselves along the vector of the externally applied 
magnetic field. A magnetization vector of the tissue, which is 
the sum of the dipoles oriented in the same direction as the 
applied static magnetic field, will be created. When the spin¬ 
ning nuclei are aligned in the external magnetic field, they 
also precess (wobble) around the axis of the applied magnetic 
field. At present, virtually all clinical MR imaging is per¬ 
formed by imaging hydrogen nuclei (proton imaging). Hy¬ 
drogen is an ideal atom for imaging, being the most abundant 
resonant nucleus in soft tissues and providing a strong MR 
signal. 

To create an MR image, radio waves of a specific RF are 
pulsed into the body, which induces the transition of a frac¬ 
tion of the spinning protons from their equilibrium state into 
a higher energy state. With the termination of the RF pulse, 
th e excited nuclei release energy and return to their lower 
energy state. This characteristic absorption and release of en¬ 
ergy is called nuclear magnetic resonance. The transition be¬ 
tween energy states is necessary for the construction of an 
MR image. The process of returning from the excited to the 
equilibrium state is called relaxation and is characterized by 
two independent time constants, T1 and T2. The T1 (longi¬ 
tudinal relaxation time) ref lects the time required for excited 
protons to return to their equilibrium state. When the hy¬ 
drogen nucleus is excited by the application of an RF pulse, 
in addition to changing to a higher energy state the initially 
random precession of the nuclei prior to excitation will be¬ 
come coherent (in phase) after excitation. This results in a 
magnetization vector perpendicular (transverse) to the ex¬ 
ternal magnetic field, which can be directly measured by a re¬ 
ceiver coil. With the termination of the RF pulse, there is 
rapid loss of coherence of the precessing nuclei, and the T2 
(transverse relaxation time) is the time ref lecting the loss of 
the transverse magnetization. 

T1 and T2 relaxation are intrinsic physical properties of 
tissue. The MR signal intensity is mainly dependent on the 
Tl, T2, and proton density (number of mobile hydrogen 
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Figure 10.60. Normal lumbar spine anatomy—computed tomography scan with multiplanar reforma¬ 
tion bone window. A. On the axial and (B) reformatted sagittal computed tomography images, there is 
excellent delineation of the facet joints (curved black arrows), neural foramina (straight white arrows ), and pars 
interarticularis (curved white arrow). (Reprinted with permission from Herzog R. Radiologic imaging of the 
spine. In: Weinstein JN, Rydevik BL, Sonntag VKH, eds. Essentials of the Spine. New York: Raven Press, 
1 99 5; 7.) 


ions) of the tissue being evaluated. To obtain an anatomic im¬ 
age, spatial encoding of the energy released by the excited 
protons must be performed in three anatomic planes. This is 
accomplished by creating small gradient magnetic fields 
within the larger static applied field. The methods for ob¬ 
taining MR data are designated pulse sequences. Spin echo (SE) 
and gradient echo (GE) are currently the pulse sequences 
most often employed. The spin-echo pulse sequence is prob¬ 


ably the most commonly used MRI sequence, and the images 
created arc dependent upon several scanning parameters. The 
repetition time (TR—the time between RF pulses) and the 
echo time (TE—the time between the application of the RF 
pulse and the recording the MR signal) are determined before 
acquiring the image. By varying the scanning contribution of 
the T1, T2, and proton density of the tissue will determine 
image contrast. A T1 -weighted image, which emphasizes the T1 
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properties of a tissue, is produced with a short TR (400 to 
600 ms) and a short TE (15 to 30 ms). T1 -weighted images 
are ideal for evaluating structures containing fat, subacute or 
chronic hemorrhage, or proteinaceous fluid because these 
materials have a short T1 and yield a high signal on Tl- 
weighted sequences. T1-weighted images, frequently 
thought of as fat images, are excellent in the delineation of 
anatomic structures. An MR image produced with a long TR 
(1500 to 2000 ms) and a short TE (1 5 to 30 ms) is referred to 
as a proton-density or spin-density weighted image , and the signal 
intensity reflects the absolute number of mobile hydrogen 
ions in the tissue. A T2-weighted sequence, which emphasizes 
the T2 properties of tissue, requires a long TR (1 500 to 3000 
ms) and a long TE (60 to 120 ms). The signal intensity on 
T2-weighted images is related to the state of hydration of the 
tissue. Any tissue rich in free or extracellular water (e.g., 
cerebrospinal fluid, cysts, necrotic tissue, fluid collections, 
intervertebral discs, and neoplasms) will demonstrate 
increased signal intensity on T2-weighted sequences. Min¬ 
eral-rich tissue (e.g., bone) contains few mobile protons and 
consequently demonstrates very low signal intensity on all 
pulse sequences. Gas, containing no mobile hydrogen ions, 
generates no MR signal. 

In addition to signal intensity, tissue and organ configuration 
must be evaluated to detect pathologic changes. Spatial resolu¬ 
tion, the ability to delineate fine detail, is determined by slice 
thickness, field of view (FOV), and the size of the acquisition 
and display matrices. Ideally, when imaging small structures, 
thin sections with a large matrix (256 X 256 or 5 1 2 X 512) 
should be utilized, but MRI, like CT, is affected by signal-to- 
noise constraints, and image degradation may result from low 
signal-to-noise ratios. Improved spatial resolution on MRI 
evaluations can be achieved by using surface coils, with their 
higher signal-to-noise ratio, but at the cost of a smaller field of 
view. 

As in all imaging procedures, artifacts are a source of image 
degradation in MRI studies, resulting in significant loss of diag¬ 
nostic information. Motion artifacts are the most common 
cause of image degradation. In CT studies patient motion re¬ 
sults in the degradation of a single image, but movement dur¬ 
ing MRI scanning will cause degradation of all images in a se¬ 
quence. To decrease scan time, new fast-scanning methods 
have been developed (e.g., fast spin-echo imaging and gradient 
echo imaging). With gradient echo imaging, gradient reversal 
is used to restore the transverse magnetization vector in order 
to generate an MR signal, instead of using an additional radio 
frequency (RF) pulse, which is utilized with spin-echo imaging. 
There is a wide range of potential image contrast using gradi¬ 
ent echo imaging by manipulating its reception time (TR), echo 
time (TE), and flip angle. The contrast obtained with gradient 
echo imaging is referred to as T2* (T2 star) and is different 
from the standard T2 contrast obtained in spin-echo sequences. 
Potential degradation of gradient echo imaging due to magnetic 
field inhomogeneities is greater than with spin-echo imaging. 
The inf ormation obtained from gradient echo sequences is dif¬ 


ferent from standard Tl- and T2-weighted sequences, and it 
cannot be considered a simple replacement for a standard spin- 
echo sequence. 

Standard MRI studies of the spine include sagittal spin-echo 
Tl- and T2-weighted sequences along with a spin-echo T1- 
weighted axial sequence (Fig. 10.61). Gradient echo T2* axial 
and sagittal sequences are also f requently obtained. In the cer¬ 
vical spine thinner sections are needed compared to lumbar 
spine because of the smaller size of anatomic structures. The 
strength of MRI resides in its excellent soft tissue contrast, di¬ 
rect multiplanar imaging, and absence of ionizing radiation. 
The major contraindication to an MRI study is the presence of 
any electrical device in the body (e.g., a cardiac pacemaker or 
medication pump), brain aneurysm clips, some cochlear and 
ocular implants, some vascular filters, and metallic fragments 
in the eye or spinal canal. Patients with claustrophobia may 
have dif ficulty with the perf ormance of the exam, but they usu¬ 
ally can complete the study if they receive information about 
the study before undergoing the exam. Medications can also be 
provided to relieve anxiety, if needed. For evaluation of the 
traumatized patient, MRI-compatible spine stabilizers and sup¬ 
port equipment are now available. 

The most common clinical conditions involving the spinal 
column that require diagnostic evaluation are degenerative 
spinal disease (which includes disc and facet degeneration along 
with spinal stenosis), postoperative disorders, spinal trauma, 
metastatic disease, spondyloarthropathies, and spinal infection. 

Degenerative Disc Disease 

When trying to understand the dynamic changes that are iden¬ 
tified in the degenerating spine, it is helpful to think of each disc 
level in the spine as a motion segment or a f unctional unit com¬ 
prising the discovertebral joint and the two facet joints. It is im¬ 
portant to evaluate all components of this f unctional unit with 
imaging studies and not merely to focus on isolated pathologic 
changes (e.g., disc herniation). 

For the evaluation of disc degeneration, plain films are of 
limited value. Decreased disc height, bony sclerosis, gas or cal¬ 
cification within the disc space, and end plate hyperostosis are 
associated with degenerative changes of the disc, but these find¬ 
ings are of little predictive value in determining the cause of 
spinal or radicular pain. For the evaluation of disc disease, both 
MRI and CT provide excellent delineation of disc herniation. 
The major difference between the imaging techniques is that 
MRI can detect pathoanatomic and chemical changes within the 
disc prior to changes in disc contour. On an MRI spin-echo T2- 
weighted sequence, the signal intensity of the disc is related to 
the state of hydration of the nucleus pulposus and the inner an- 
ular fibers. 

With aging and degeneration comes a gradual desiccation of 
the mucoid nuclear material and transformation of the disc into 
a more solid fibrocartilaginous structure. With desiccation and 
degeneration of the disc comes a loss of the high signal inten¬ 
sity in the disc on the T2-weighted imaging. The development 
of radial anular tear is probably the necessary step in the devel- 
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Figure 10.61. Normal spine anatomy—magnetic resonance imaging. A. On the sagittal T1 -weighted 
image of the cervical spine, a demonstration of the cervical spinal cord ( straight white arrow), the vertebral 
bodies (curved black arrow), and the discovertebral joint (short black arrows). B. On the sagittal T2-vveighted 
image, high signal intensity is seen within the cerebrospinal fluid surrounding the spinal cord, which results 
in excellent delineation of its margins and optimal evaluation of the posterior margin of the discovertebral 
joints (black arrows). C. On the sagittal T1-weighted image of the lumbar spine, excellent delineation of the 
conus medullaris (white arrow). The intervertebral disc space is well delineated, hut the posterior margin 
of the disc is not well defined because of the similar signal intensity of the posterior outer anular fibers and 
the adjacent cerebrospinal fluid (black arrows). D. On the sagittal T2-weighted image, there is increased sig¬ 
nal intensity within the cerebrospinal fluid and excellent delineation of the posterior margin of the disc 
(black arrow). An increased signal intensity is seen within the central portion of the disc (curved white arrow), 
which represents a combination of the nucleus pulposus and the inner anular fibers. The anterior anular 
fibers (straight white arrow) are also delineated. (Reprinted with permission from Herzog R. Radiologic 
imaging of the spine. In: Weinstein JN, Rydevik BL, Sonntag VKH, eds. Essentials of the Spine. New York: 
Raven Press, 1995;7.) 


opment of a disc herniation. With MRI, it is possible to delin¬ 
eate these tears before the displacement of nuclear material 
(i.e., disc herniation). 

Displacement of nuclear material into the region of the 
outer anular fibers will cause a focal contour abnormality of the 
disc (i.e., a disc protrusion). As long as the disc material is con¬ 
tained by the outer anulus or the posterior longitudinal liga¬ 
ment, it is considered a contained herniation. If it penetrates 
the outer anular-posterior longitudinal ligament complex, it is 


called a “disc extrusion” (Fig. 10.62). If the disc material sepa¬ 
rates from its disc or origin, it is called a “sequestered frag¬ 
ment.” This fragment can migrate cranial or caudal to disc 
space. 

Both CT and MRI are excellent techniques to detect and 
characterize disc herniations. After a disc has herniated, the 
disc material within the disc space will continue to degenerate, 
and on an MRI study the degenerated disc will demonstrate low 
signal intensity on spin-echo T2-weighted images. Within the 
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degenerated disc may he found fluid-filled fissures and granula¬ 
tion tissue, which arc detected as foci of high signal intensity on 
T2-wcightcd images. This should not he confused with an in¬ 
flammatory process. 

End plate degeneration is frequently associated with disc de¬ 
generation. These changes can he detected on the MRI study as 
areas of abnormal signal intensity in the subchondral hone; 
these areas reflect the presence of fibrovascular tissue or fatty 
infiltration. Bony sclerosis or proliferation can he detected with 
CT or plain films. 

With the increased use of MRI, it has become clear that de¬ 
generative disc disease is a process that often begins in the sec¬ 
ond or third decade and progresses as an individual ages. Evi¬ 
dence of a disc herniation or a disc degeneration is frequently 
identified on imaging studies, in both symptomatic and asymp¬ 
tomatic individuals. The significance of these Endings can be 
determined only by precise correlation to the clinical Endings. 

Accompanying disc degeneration is alteration of the biome¬ 
chanical status of the f unctional unit, which may precipitate de¬ 
generative changes in the facet joints. Degenerative changes of 
the facet joints include cartilage erosion, subchondral cysts, 
bony sclerosis, and osteophyte formation. Both CT and MRI 
can detect these degenerative changes, but only MRI can de¬ 
lineate the articular cartilage changes and demonstrate joint ef¬ 
fusions. Plain Elms are much less sensitive in detecting early de¬ 
generative changes of the facet joints. 

Unrecognized Radiographic Changes Seen on MRI 

Plain x-ray study shows bilateral pseudosacralization of the Efth 
lumbar transverse processes in Figure 10.63 (arrows). Figure 
10.64 is the lateral view showing the rudimentary disc at L5- 
S1 (bottom arrowhead) with hemispheric spondylosclerosis of 
the anterior superior plate and body of L4 (top arrowhead). 
Note the LI inferior vertebral body plate appears to show a 
minimal vertebral plate defect (arrow). Figure 10.65 is a Tl- 
weighted sagittal image showing a large nuclear disc invagina¬ 


tion into the inferior anterior plate of LI (arrow), which is not 
appreciated on the plain lateral view in Figure 10.64. Also note 
the inferior plate and cancellous bone type I degenerative 
changes of L3 that are not appreciated on plain x-ray film (ar¬ 
rowhead). 

Source of Pain As Determined by MRI 

White bulged and white flat discs have a 90% chance of having 
no provocative pain with discography and a 95% chance of neg¬ 
ative discography, and therefore a strong negative correlation 
with discogenic pain is suggested (88). 

Hyperintense Discs on Tl-weighted MRI 

Potential causes of T1-weighted increased signal intensity are 
hemorrhage, abscess, or rare disease (ochronosis, homo- 
cystinuria, and so on). Degenerative disc changes should be 
considered the cause of abnormally increased signal intensity 
in intervertebral discs on T1 -weighted MRIs. In most patients, 
no clinical significance should be attributed to this finding 
(89). Hyperintense discs are suggestive of degenerative disc 
disease (90). 

Osteophytes are associated with disc bulging in the middle 
part of the spine and with end plate irregularities in the lower 
part of the lumbar spine (91). 

GADOLINIUM-ENHANCED MRI 
ADVANTAGES IN DIAGNOSIS 

Gadolinium (Gd-DTPA) enhancement allows differentiation of 
scar tissue from recurrent disc herniation. Epidural scar tissue 
is vascular and is enhanced by the administration of intravenous 
contrast Gd-DTPA. Enhancement of epidural Ebrotic tissue 
occurs on early images taken 6 to 10 minutes after contrast ad¬ 
ministration. Intervertebral disc material does not enhance on 
early images, thus allowing differentiation of Ebrotic vascular 
scar tissue from recurrent herniated disc material (92, 93). 




Figure 10.62. Lumbar spine disc extrusion and protrusion. 

A. At the L5—SI disc level, on the sagittal proton-density 
weighted image is seen a posterior disc extrusion (open black ar¬ 
row) that has penetrated through the posterior outer anular- 
posterior longitudinal ligament complex (curved black arrow). 

B. In another patient, the sagittal T2-weighted image shows a 
posterior disc protrusion (arrow) contained by the posterior 
outer anular-posterior longitudinal ligament complex. 
(Reprinted with permission from Herzog R. Radiologic imag¬ 
ing of the Spine. In: Weinstein JN, Rydevik BL, SonntagVKH, 
eds. Essentials of the Spine. New York: Raven Press, 1995;7.) 
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Figure 10.63. Bilateral pseudosacralization of L5 on the sacrum ( ar¬ 
rows). 



Figure 10.64. The rudimentary L5—SI disc is seen (bottom arrowhead) 
with L4 superior plate and body hemispherical spondvlosclerosis (top ar¬ 
rowhead). An inferior LI plate defect is suggested (arrow). 



Figure 10.65. T1 -weighted sagittal magnetic resonance image shows type I L3 inferior plate degenera¬ 
tive changes ( arrowhead) and an inferior LI anterior inferior plate nuclear invagination Schmorl node that 
is not appreciated on plain x-ray film (arrow). The L3 body plate change is not appreciated on plain x-ray 
film. 
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Contrast-enhanced MRI used in patients within the first 6 to 
8 weeks after surgery can produce misleading images. Hema¬ 
toma and postsurgical changes surrounding the thecal sac dur¬ 
ing this postoperative period can mimic signal changes of a true 
disc herniation (94). 

An example of MRI-cnhanced scar tissue and disc herniation 
differentiation is shown in the following case in which a patient 
with three prior hack surgeries had total relief with distraction 
adjustment. 

Case 5 

A 43-year-old airline pilot was seen complaining of low back pain 
and left lower extremity pain after falling down the stairs. Three 


prior lumbar disc surgeries, all at the L5-S1 levels, had been per¬ 
formed. Surgery was again recommended to him but he sought 
chiropractic care first. The MRI study (Fig. 10.66) shows a large 
free fragment lying within the spinal canal and extending poste¬ 
riorly behind the sacrum. Figure 10.67 is the precontrast axial T1 
image showing the large right central and paracentral mass that 
compresses the thecal sac and first sacral nerve root (arrow). Fig¬ 
ure 10.68 is the postcontrast MRI showing enhancement of the 
right free fragment mass indicating scar tissue fibrosis (arrow) 
whereas a free fragment of disc material is seen lying to the left 
of the midline (arrowhead), which probably is responsible for the 
left leg dermatome pain. 

One week of daily distraction adjustments at the L5-S1 level 
resulted in complete relief of the low back and left lower ex¬ 
tremity pain and the patient returned to work as an airline pilot 
3 weeks later. 



Figure 10.66. Sagittal T1 - weighted magnetic resonance image shows the large free fragment lying pos¬ 
terior to the L5 SI disc space and sacrum (arrow). 



Figure 10.67. Axial precontrast T1 -weighted magnetic resonance image shows a large mass lying within 
the right central and posterolateral vertebral and osseoligamentous canal that could be scar or recurrent 
disc herniation material (arrow). 
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Figure 10.68. Postcontrast axial magnetic resonance image at the L5—SI level shows enhancement ol 
the free fragment within the right central and posterolateral vertebral canal (arrow) indicating scar tissue, 
whereas an area of disc density ( arrowhead ) lies within the left posterior midline and displaces the thecal sac 
and contacts the left SI nerve root. 


Gadolinium-Enhanced MRI Shows Anular Tears 

Anular tears have been noted to be enhanced on T1-weighted 
images after the administration of gadolinium. This is presum¬ 
ably secondary to the ingrowth of scar tissue into the tear, a 
consequence of the body’s attempt at healing. The failed back 
surgery syndrome has been reported to occur in 10 to 40% of 
patients, and the causative factors include new or recurrent 
disc herniation, stenosis, arachnoiditis, and epidural scar (95). 

Symptomatic Nerve Root Identified with 
Gadolinium MRI 

Magnetic resonance imaging with gadolinium shows enhance¬ 
ment of the symptomatic nerve root in patients with a lumbar 
disc herniation, and the degree of enhancement reflects the 
severity of the sciatica. Contrast-enhanced MRI may become a 
diagnostic tool for detecting affected nerve roots, and it may 
provide new insights into the pathogenesis of sciatica (96, 97). 

CT Benefits Over MRI 

Foraminal or extraforaminal lumbar disc herniation are not 
well seen on myelography and MRI, whereas high-resolution 
CT demonstrates them best (98). 

Contrast CT Recommended 

Noncontrast CT does not visualize the subarachnoid space, and 
therefore cannot diagnose cauda equina tumors and other in¬ 
tradural lesions that can mimic lumbar disc herniations. A “neg¬ 
ative” noncontrast CT does not eliminate the need for MRI or 
myelogram-CT in the patient with unexplained acute low-back 
pain with or without neurologic symptoms and signs (99). 


CONTAINED (PROTRUDED) AND 
NONCONTAINED (PROLAPSED) DISCS 

Definitions and Principles 

The change within the nucleus pulposus when it escaped the 
confines of the anulus is classified as either a protrusion or pro¬ 
lapse. Protrusion of nuclear material occurs when the protrud¬ 
ing nucleus is contiguous with the remaining nucleus and the an¬ 
ulus fibrosus is stretched, thinned, and under pressure. The 
protrusion can cause only back pain if the outer nerve-inner¬ 
vated anulus is irritated, or it can cause both back and leg pain if 
the anulus bulge contacts the dural lined nerve root within the 
lateral recess of the vertebral column. The pressure within the 
nucleus is 30 psi (100), and this pressure was found to be 30% 
less in the standing position than in the sitting position, with 
50% less pressure in the reclining position than in the sitting po¬ 
sition (101). The cerebrospinal fluid pressure is 100 mm of wa¬ 
ter in the recumbent posture and 400 mm in the sitting posture 
(102), which is important in treating the disc lesion, as sitting is 
to be avoided. An epidemiologic study (103) demonstrated that 
suburban dwellers who drive to work have twice the incidence 
of severe back pain than do those who do not drive, and that 
those workers who drive during most of their working day 
(e.g., truck drivers) have three times the incidence. 

Fahrni (104) surveyed a jungle people in India who squat 
rather than sit and found that they had a zero incidence of back 
pain and a greatly diminished incidence of disc degeneration on 
x-ray film. 

Gresham and Miller (105) carried out postmortem disco- 
grams on 63 fresh autopsies; these patients who came to au¬ 
topsy were between 14 and 80 years of age and had had rela- 
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tively asymptomatic backs. All of the specimens that came from 
patients between 46 and 59 years of age revealed evidence of 
disc degeneration at L5—SI. 

Prolapse exists when the extruded nucleus loses continuity 
with the remaining nuclear material and forms a free fragment, 
or what in Europe is termed a “sequestered disc fragment,” 
within the spinal canal. Arns et al. (106) state that the first stage 
of a disc lesion is nuclear bulge, which causes lumbago and 
symptoms of Dejerine’s triad. The second stage is the onset of 
sciatica as the nuclear bulge contacts the nerve root, and the 
third and final stage is prolapse. 

Opinions to the efficacy of myelography, electromyogra¬ 
phy, and discography in the diagnosis of disc protrusions are 
varied. Semmes (107) states that because nearly one third of 
myelograms are not definitive or are misleading, the history 
and clinical findings prove more reliable. He states that myel¬ 
ography is used too frequently for diagnosis and as an indica¬ 
tion for surgery, and that he has used it in less than 3% of his 
last 350 surgeries. In the Scandinavian countries, oil-based 
media has been banned for use in myelography because of the 
risk of arachnoiditis (103). Herlin states that myelography is 
not a sufficiently reliable method of investigation in the diag¬ 
nosis of sciatica (108), and has used myelography in only 10% 
of his cases (108). 

Extruded Disc Shows Leg Pain Alone or As 
Major Complaint 

To determine whether the presence of an extruded lumbar 
disc prolapse could be predicted from clinical symptoms, the 
relative proportions of back and leg pain in 100 prospective 
discectomy patients was observed. Of 27 patients who 
presented with leg pain, only 26 (96%) were found subse¬ 
quently to have an extruded disc fragment. Patients with leg 
pain only and those with a marked predominance oj leg pain over 
back pain have a high probability of harboring an extruded disc frag¬ 
ment (109). 

Pelvic Disease and Disc Compression of 
Nerve Roots 

A connection between lumbar disc degeneration and pelvic 
disease has been documented by Herlin. Such a connection 
had been suspected for years, and painful and chronic infec¬ 
tious conditions of the urogenital organs have been associated 
with compression of one or several of the lower sacral nerve 
roots. He f urther states that endometriosis sometimes is com¬ 
bined with sciatica, and that it seems justif iable to investigate 
the relationship between sacral nerve root compression and 
the development of endometriosis. He believes that, in 
males, lower sacral nerve root compression leads to the de¬ 
velopment of endometriosis; and he feels that it ought to be 
considered as a cause of chronic prostatovesiculitis (108). He 
has documented that, in one patient, two miscarriages were 
caused by sacral nerve root compression, which subsequently 


caused most of the patient’s sciatica (108). In another patient, 
he thought there was a probable connection between chronic 
urogenital infection caused by disc compression of sacral 
nerve roots and rheumatoid arthritis (108). Herlin has also 
documented a connection between sacral nerve root com¬ 
pression and chronic prostatitis. He also believes that, al¬ 
though no def inite proof exists, the possibility of sacral nerve 
root compression as a cause of sterility must be considered. 
He presented a case of pain originating bilaterally in the me¬ 
dial region ofthe gluteal muscles and radiatingintothe minor 
pudendal labiae and clitoris, with a decrease in the duration 
of orgasm intensity. Following surgery for the removal of a 
medial fifth lumbar disc lesion, the patient’s sexual function 
normalized within 2 months (108). 

Some (110, 111) believe that disc disease should be ruled 
out in young and middle-aged patients who develop problems 
of urinary retention, vesicle irritability, or incontinence. Ame- 
lar and Dubin (112), however, link lumbar disc disorders with 
sexual impotence and bladder function disturbances through 
organic parasympathetic involvement rather than psychological 
causes. 

Pudendal Plexus 

Understanding the neurovisceral connection between a disc 
lesion and disease ofthe pelvic organs requires understanding 
the pudendal plexus. The pudendal plexus is formed from the 
second, third, and fourth sacral nerves and is the innervation 
of certain pelvic organs (113). Parasympathetic fibers inner¬ 
vate the urinary bladder, prostate gland, and seminal vesicles. 
The uterus and external genitalia also are innervated by nerve 
fibers from this plexus, and the alimentary tract is controlled 
by the pudendal plexus as well. The pudendal nerve, a branch 
ofthe pudendal plexus, gives rise to the inferior hemorrhoidal 
nerve, the perineal nerve to the transversus perinei profundus, 
the sphincter urethrae membranacea, bulbocavernosus, is- 
chiocavernosus, transversus perinei superhcialis, the corpus 
cavernosum urethrae, the urethra, the mucous membrane of 
the urethra, the urogenital diaphragm, and a scrotal branch to 
the scrotum and labiae. Another branch ofthe pudendal nerve, 
the dorsal nerve of the penis, innervates the urogenital di¬ 
aphragm, the corpus cavernosum penis, and dorsum ofthe pe¬ 
nis ending in the glans. The clitoris is innervated similarly. 

Neuroanatomically, pressure on the sacral nerve roots by a 
disc lesion can create an aberrant nerve supply to the organs de¬ 
scribed and resultant disease. On this neurologic basis is seen 
the reason many authorities feel that a disc lesion should be 
considered in the cause of any condition ofthe urogenital or re¬ 
productive system. 

Occurrence and Onset of Back and Leg Pain 

The onset o f sciatica o r back pain represents a starting point for 
diagnosis. It is possible for a disc to protrude and contact a 
nerve root, resulting in the sudden onset of sciatica without ac¬ 
companying back pain. This protrusion can result in isolated 
pain in an area of specific nerve innervation such as the heel, 
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calf, great toe, or posterior thigh. Back pain preceding sciatica 
indicates irritation of the anulus fibrosus, ligaments, and dura 
mater innervated by the recurrent meningeal nerve prior to 


Table 10.3 


Clinical Differentiation Findings in 
Protrusion and Prolapse 


Differential Diagnosis 

Protrusion 

Prolapse 

Pain on compression 
and distraction 

Yes, usually 

Not as frequently 

Flexion and extension 

Yes 

Only on flexion 

Cough, sneeze, and strain 

Yes 

Not always 

Onset of pain 

Gradual 

Sudden, intense 


contact with the involved nerve root. The sudden onset of leg 
pain without back pain indicates disc extrusion (prolapse) (19). 

A differential diagnosis between protrusion and prolapse 
may include the findings shown in Table 10.3. 

The cauda equina symptoms caused by large midline disc 
protrusions contacting several roots of the cauda equina pre¬ 
sent a particular problem in diagnosis. Difficulty with urina¬ 
tion, incontinence, rectal difficulties, difficulty in walking, or 
symptoms of abdominal viscera are indicative of the diagnosis 
of a large midline disc protrusion. These represent true surgi¬ 
cal emergencies and must be handled as such. 

Delay in the onset of pain in disc injuries can be the key to 
diagnosis. The spinal cartilage has a poor blood supply and re¬ 
acts slowly to injuries. Therefore, it may be 2 or 3 days after 
injury before the oozing of the nuclear material and the slow 
swelling of the disc result in the pain that follows an injury and 
protrusion of a disc (114). Table 10.4 contains specific diag¬ 
nostic criteria of disc lesions. 


Table 10.4 


Specific Diagnostic Criteria of Disc Lesions" 


L3—L4 Disc Protrusion (L4 Nerve Root Compression 

Findings 

Weakness of the quadriceps muscle (Fig. 10.69); diminished 
or absent patellar refl ex (Fig. 10.70) 

The test for the straight leg raising sign may be negative in 
lesions of the L3—L4 disc; pinwheel examination may reveal 
hyperesthesia or hypoesthesia of the L4 dermatome 

L4— L5 Disc Protrusion (L5 Nerve Root Compression) 

Findings 

Weakness of tibialis anterior muscle, extensor digitorum, and 
hallucis longus muscles (Fig. 10.71) 

Weakness of the extensor hallucis muscle (Fig. 10.72) 

Weakness of the peroneus longus and brevis muscles; 
weakness in these muscles also occurs when an L5—SI disc 
protrusion compresses the SI nerve root (Fig. 10.73) 

Dysesthesia of the L5 dermatome is determined by simultaneous 
testing of the sensation of the extremities (Fig. 10.74) 

Foot and great toe dorsiflexion (ankle eversion) strengths 
depend on the nerve supply of the peroneal nerve to the 
anterior tibialis and extensor muscles; the SLR will be 
positive in proportion to nerve compression by the disc 

L5—SI Disc Protrusion (SI Nerve Root Compression) 

Findings 

Several muscles are tested for L5—SI compression of the first 
and second sacral nerve roots 


Weakness of the biceps femoris, semimembranosus, or 
semitendinosus muscles (Fig. 10.75) 

Weakness of the gluteus maximus is found by comparison of 
contralateral sides; the opposite pelvis should be stabilized 
while the thigh on the side to be tested is compressed (Fig. 
10.76); the gluteus maximus muscle is innervated by 
the inferior gluteal nerve whose origin is in the roots of 
L5-S1-S2 

The gluteal skyline sign was present in 60% of patients with 
disc lesions of the lower lumbar spine; this sign is second 
only to the straight leg raising sign in frequency and was the 
only finding except for pain in 1 3% of the patients with disc 
protrusion (115); the patient is asked to contract his 
buttocks; flaccidity is found on the side of the disc 
protrusion (Fig. 10.77) 

Diminished or absent ankle jerks (Achilles reflexes) may be 
noted (Fig. 10.78) 

Weakness of the calf muscles (Fig. 10.79) 

Weakness of the flexor muscle of the great toe (Fig 10.80) 

Dysesthesia of the SI dermatome by comparing the sensation 
of each extremity simultaneously (Fig. 10.81) 

The SLR will be positive, the severity depending on the 
pressure of the disc bulge or protrusion on the compressed 
nerve root 


“It must be stated that these tests are strong indicators for disc level involvement, hut there is some overlap of innervation to those muscles supplied by all 
three nerve roots—L4, L5, and SI. 
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Figure 10.75. Hamstring muscle strength testing. 


Figure 10.76. Gluteus maximus muscle testing. 
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Figure 10.77. Gluteal skyline sign in a 36-year-old man with a history ol 3.5 months ol right low hack 
and first sacral nerve root sciatica. The ankle jerk refl ex is absent, and a marked loss of the gluteus max¬ 
imus muscle tone is seen, as noted by the flattened contour of the right gluteus maximus muscle. The com¬ 
puted tomography scan and mvelogram were positive for a prolapse of the L5—S1 disc on the right. Surgery 
was necessary to remove the fragment. 






Figure 10.78. Ankle jerk testing. 


Figure 10.79. Plantar flexion of foot 
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Figure 10.80. V lantar llcxion of the great toe. 



Figure 10.81. Dysesthesia and pain distribution of the SI dermatome. 

Motor Changes in Discal Lesions 

Motor changes in these radicular compressions requires some 
attention, because they represent perhaps the most serious side 
effects of disc protrusion. Disc lesions can cripple, and motor 
changes are the most serious side effects for the patient and the 


most serious potential medicolegal problems for the physician, 
whether the approach be conservative or surgical. 

Occasionally, muscle weakness caused by neurapraxia or 
degeneration can be present with little or no pain. Of course, 
muscle weakness usually follows sensory changes of the lower 
extremity. Nevertheless, regardless of whether a patient com¬ 
plains of low back pain, leg pain, or an inability to walk on the 
toes or heels the clinician must always do kincsiologic muscle 
testing. 

Depending on the muscle involved, patients may complain 
of falling, having equilibrium problems (which really means 
they tend to limp because of weak muscles), or having the knee 
“give out” under them. The patient may present with gait 
changes, such as limping because of calf muscle weakness and 
inability to lift the heel, or “stubbing” the great toe on carpet or 
steps because of weak anterior tibialis muscles or peroneal 
muscles. The patients may walk with the knee flexed to prevent 
“stretching” of the swollen or inflamed sciatic nerve—a “walk¬ 
ing” Neri bowing sign. 

Validity of Determination of L4. L5, SI 
Dermatome Innervation 

L5 and SI Dermatome Mapping 

In 75% of 3 1 L5 nerve root blocks, the region of superimposi¬ 
tion extended from the midline of the trunk posteriorly, across 
the buttock, through the lateral side of the thigh, the lateral side 
of the leg, and the medial side of the dorsum of the foot to the 
first digit. 

In SI blocks, the region of at least 75% of 20 patients 
showed superimposition extended from the midline of the 
trunk posteriorly, across the buttock, through the posterior, 
lateral aspect of the thigh and leg, to the fifth digit of the foot 
(1 16). Dermatomes are good diagnostic tools to diagnose the 
level of disc herniation (1 17). 

Pain drawing is a simple yet powerful diagnostic tool to 
identify the level of disc herniation. Sixty-eight percent of 
LA —L5 disc herniation patients exhibit anterolateral leg pain 
compared with only 2 3% of L5—SI disc patients. Seventy nine 
percent of the patients with complete LA —L5 hernias showed 
marked anterior leg pain. Seventy five percent of L5—SI disc 
herniation patients and 85% of the patients with complete 
L5—SI hernias showed marked posterior foot pain. Bilateral 
back pain suggested protruding hernia, and pain radiating to the 
foot suggested sequestrated hernia (1 18). 

Root Stimulation Better Than Electromyography (EMG) 
to Localize Root Involvement 

Needle electrical stimulation of the lumbosacral roots at the 
laminar level of the T1 2—LI or LI—L2 intervertebral spaces was 
compared with conventional needle EMG. Lumbar electrical 
stimulation showed root abnormalities objectively in 80% of 
patients whereas the diagnostic value of needle EMG was 65%. 
Therefore, electrical root stimulation is superior to routine 
EMG for localizing lumbar root involvement (119). Ninety 
percent of patients with disc protrusion or degeneration will 
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have L5 or SI nerve root involvement. Five percent of people 
have congenital failure of segmentation of these nerve roots, 
which can present problems in localization ol the involved nerve 
root. Electronic stimulation of 50 patients’ L5 and SI nerve 
roots proved that segmental innervation is essentially reliable in 
identifying the dominant nerve root. Sixteen percent of these 
patients exhibited significant departure from the usual der¬ 
matome innervation (120). 

First sacral nerve projection pain is most common. Clinical 
test results in 403 patients were compared with myelographic 
and operative findings to determine the accuracy of the clinical 
examination in diagnosing the involved disc and nerve root 
(121). L5 dermatome involvement had the same accuracy for 
localizing an L4-L5 disc lesion as myelography, 80% of the 
time finding an L5 dermatome distribution caused by an L4—L5 
disc lesion. SI nerve root involvement was caused by an L4—L5 
disc 34% of the time and an L5—SI disc 63% of the time. As¬ 
sociated L5 and SI dermatome pain was found in L4—L5 disc 
involvement 75% of the time. 

Kortelaincn et al. (121) concluded that, in single nerve root 
involvement with motor, reflex, and sensory disturbances, the 
accuracy of clinical investigation was equal to that of myelog¬ 
raphy. With two nerve roots involved, clinical diagnosis is not 
completely reliable in lower lumbar herniated discs, necessi¬ 
tating CT or EMG prior to surgery to avoid unnecessary ex¬ 
plorations. 

Anomalous Nerve Root Anastomosis 

Some patients suffering from lumbar disc herniations do not 
manifest the typical clinical symptoms expected for anomalous 
nerve anastomosis because 30% of 60 fresh cadaver studies 
showed intradural and extradural anastomosis and divisions of 
nerve roots between L4 to sacral nerve roots (1 27). This could 
account for the dual dermatome sensation in these patients. 

Initial Treatment Based on Clinical 
Investigative Impression 

In our diagnostic approach to the intervertebral disc lesion, we 
rely on the clinical workup for an impression of the disc level 
and type. If the patient is not at least 50% improved within 3 
to 4 weeks of manipulative care based on this impression, more 
invasive testing (e.g., MRI, CT, EMG, or perhaps myelogra¬ 
phy) is ordered. Of course, if serious findings (e.g., cauda 
equina signs), increased motor weakness, or unbearable pain 
sets in, we move quickly to the more definitive diagnostic 
imaging modalities. However, based on our clinical impres¬ 
sion, we successfully relieve well over 90% of our low back 
pain patients and avoid the more invasive and costly imaging 
modalities. 

Schoedinger (123) states that a detailed history and physical 
examination, in combination with a positive diagnostic imaging 
tool such as CT or myelography, are suf ficient to establish the 
diagnosis of disc rupture. 

Semmes (107) states that the clinical findings and history are 
more reliable than myelograms, because nearly one third of 


myelograms are uncertain or misleading. He even stated that 
myelography was wholly unnecessary in the diagnosis of the av¬ 
erage patient requiring surgery for a ruptured disc. I would as¬ 
sume that his concept would be altered by modern imaging 
modalities such as CT and MRI. 

Gainer and Nugent (1 24) stated that lumbar disc herniation is 
one of the most common causes of back pain and leg pain, and it 
is usually easily diagnosed by a history and physical examination. 

Accuracy in Diagnosing Disc Lesion from 
Clinical Findings 

A 63% correlation was found between clinical neurologic signs 
and operatively proved pathology (125). Furthermore, a 55% 
correlation was reportedly found between neurologic signs and 
a herniated lumbar disc; a positive straight leg raising sign and 
positive neurologic signs produced the correct diagnosis in 
86% of patients (125). The same positive neurologic examina¬ 
tion and positive SLR, coupled with a positive myelogram, in¬ 
creased the accuracy to 95%. I would suggest that the 86% ac¬ 
curacy, in the absence of cauda equina syndrome signs or 
worsening motor deficit, is strong enough clinical indication to 
justify 3 weeks of conservative care before using the more in¬ 
vasive and institutionally necessitated CT or MRI. 

S2 and S3 Nerve Root Compression Signs 

White and Leslie (126) reported that the posterior two thirds 
of the scrotum is supplied by the second and third sacral nerves. 
They stress the value of examination of the lumbar spine in 
cases of unexplained scrotal pain. 

Summary of Diagnosis of Disc Lesions 

Steps in diagnosis of disc lesions arc as follows: 

1. Note the specific distribution of pain into the lower extrem¬ 
ity and whether it involves the L4, L5, or SI nerve root. 

2. Note whether there is any lean of the lumbar spine. 

3. Do x-ray studies reveal any right or left lateral flexion of the 
vertebrae at the level of disc involvement ascertained from 
dermatome evaluation? That is, if an L5 dermatome sensi¬ 
tivity is found, does the L4 vertebra have a right or left lat¬ 
eral flexion subluxation? If it is the SI dermatome, does the 
L5 vertebra have a left or right lateral flexion? 

4. Correlate the findings from above to differentiate protru¬ 
sion from prolapse. Statistically, prolapses are much more 
difficult to treat than are protrusions. 

5. Correlate the SLR sign with a medial or lateral disc. That is, 
is it positive on the side of sciatica, indicating lateral disc or 
medial disc, or is it positive on the well leg raising sign, in¬ 
dicating a medial disc on the side of sciatica? 

6. Investigate the site of original pain (e.g., back or leg) to rule 
out tumor, infection, or organic disease as a probable cause. 
Refer to Table 10.5 for information in making the differen¬ 
tial diagnosis between a tumor and a disc lesion. 
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7. If a disc involvement truly seems probable, after the site has 
been determined to be either medial or lateral, explain to 
the patient that manipulative therapy may not be adequate 
and that surgical intervention may be necessary. 


EXAMINATION 

Gleis and Johnson (122) recommend a preprinted pro forma 
examination form for recording the findings of a physical ex¬ 




Table 10.5 

Differential Diagnostic Findings 
of Discal Versus Tumor Etiology 

Differential Diagnosis 

Neoplasm 

Protrusion 

Sitting and standing 

No change 

Aggravates 

Bilateral 

Often 

Seldom 

Night pain 

Yes 

Less 

Character of pain 

Unrelenting 

Intermittent 

Cauda equina symptoms 

More 

Less 

Onset first leg or back pain 

Back usually 

Either 


amination for lumbar pain. They recommend that the exami¬ 
nation be done in a logical sequence that helps the examiner 
reach a working diagnosis and treatment plan. We present such 
an approach. 

History 

Table 10.6 is the patient pain drawing that is created at the first 
visit and at subsequent 2-week intervals. Note that the patient’s 
complaints are listed in order of decreasing importance—most 
prominent symptoms first—and each symptom or complaint is 
given a visual analogue score. The patient maps out the area of 
pain by the designated symbols of abnormal sensation. On the 
2-week re-examination, the patient will fill out the pain draw¬ 
ing and give new values to the subjective symptoms. 

In addition to the visual analogue scale, Oswestry, Roland 
Morris, and Quebec disability scales are recorded. 

Pain Drawings and Nonorganic Signs 

A correlation between pain drawings and Waddell’s nonor¬ 
ganic physical signs demonstrated that a large proportion of pa¬ 
tients with high Waddell scores had nonorganic pain drawings 
(128). An initial impression diagnosis of psychogenic, benign, 


Table 10.6 


SHOW AREA(S) OF PAIN OR UNUSUAL FEELING 

Mark the areas on this body where you feel the described sensations. 
Use the appropriate symbols. 

Mark areas of radiation. 

Include all affected areas. 


Numbness 


Pins 8c Needles 

00000 

00000 

00000 


Burning 

xxxxx 

xxxxx 

xxxxx 


Aching 




Stabbing 

///// 

1111/ 

///// 


Pain Chart 


Neck-Shoulder-Ann Pain 

On a scale of zero to ten, I rate my 
discomfort as follows: 

(_) 

0 10 


bo pain 


no pain 



severe pain 


Mid Back Pain 

On a scale of zero to ten, I rate m,' 
discomfort as follows: 

_-___ > 

0 10 


severa pain 


Low Back and Leg Pain 

On a scale of zero to ten. 1 rate my 
dlsannfort as follows: 

(_--- 

0 10 

pain 


Date 


Signature 
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and herniated disc cases is most consistently done by pain draw¬ 
ings, whereas spinal stenosis and serious underlying disorder 
drawings produced the most variance in results (1 29). 

The nonorganic physical signs of malingering are pain draw¬ 
ings that show pain over the entire spine and extremities with 
no definite nerve root distribution of pain. Often the pain 
markings are off the body parts with written descriptions of the 
abnormal feelings. (Waddell’s nonorganic physical signs are 
given later in this chapter.) I feel counselors are best called in 
when dealing with exaggerated symptoms because I lack the 
expertise to deal with such cases. Please refer to Chapter 1 6 in 
this text on the psychology of low back pain for further discus¬ 
sion of pain drawing signs of malingering. 

Table 10.7 shows the low back pain examination form that 
we use. A history of the patient usually is compiled by an assis¬ 
tant. The patient’s chief complaint should be recorded exactly 
as possible (e.g., pain in the low back radiating into the calf of 
the right leg, or pain in the side of the leg with numbness of the 
great toe). The history of the complaint should include specific 
details on how the pain began (i.e., whether the pain in the back 
started with or without leg pain, or whether the leg pain started 
sometime after the pain in the back). A chronologic sequence of back 
or leg pain from its first incidence in life to the present should be recorded 
by month and year, including the present symptoms. Note that on this 
form the date of pain onset and the date of first examination are 
requested. These dates allow the doctor to notice the time lapse 
between the onset of symptoms and the consultation. If this 
lapse has been long, the patient may have sought other care, and 
a careful screening of past procedures and diagnosis is necessary. 

The history of the patient should include any surgical inter¬ 
ventions. Be particularly alert to any disease that could metas¬ 
tasize to the spine and mimic a disc lesion. Any symptoms of 
gastrointestinal, genitourinary, and menstrual problems should 
be listed. These allow for documentation of any pudendal 
plexus symptoms that should be evaluated following the me¬ 
chanical relief of back pain. Thus, it is possible to evaluate the 
effects of chiropractic treatment not only on biomechanical 
faults but also on organic disease. 

Family incidence of back pain also is recorded. This record 
should include whether the father, mother, or siblings have had 
low back pain, leg pain, or surgery; whether the back pain or 
leg pain started first or both began simultaneously; whether the 
pain is aggravated by coughing, sneezing, straining at the stool, 
bending and lifting, or sitting; and how far down the lower ex¬ 
tremity the pain radiates. 

Physical Examination 

As you proceed through the examination, mark the proper an¬ 
swer on the examination form and keep in mind the findings in¬ 
dicative of intervertebral disc protrusion (contained disc) and 
prolapse (noncontained disc) as shown in Table 10.8. 

Patient Sitting 

Minor’s sign (Fig. 10.82). Minor’s sign is manifest when the 
patient, in rising from sitting, lifts the body weight with the 


arms and places the body weight on the unaffected leg. The pa¬ 
tient may place the hand on the low back; thus, the painful 
lower extremity is spared weightbearing. 

Bechterew’s sign (Fig. 10.83). The test for Bechterew’s 
sign is performed by having the patient extend the knee while 
in a sitting position. This sitting straight leg raise again stretches 
the sciatica nerve root and creates either back or leg pain or 
both if a disc lesion exists. 

The SLR sign is a more positive sign of disc lesion in younger 
people (i.e., under age 40) than it is in older people. This is be¬ 
cause, as the intradiscal pressure decreases with age, nucleus 
turgor lessens, and the nucleus is less likely to compress se¬ 
verely against the nerve root during such maneuvers as SLR, 
Valsalva, or Bechterew’s. 

The sitting straight leg raising sign often is positive, whereas 
the supine recumbent SLR is negative. The reason for this dif¬ 
ference is that the higher intradiscal pressure with the patient 
sitting adds to the nerve root compression; this, when coupled 
with the stretching of the nerve root during leg raising, creates 
a much more positive sign of nerve root compression. Fisk 
(1 30) states that the hip joint acts as a pulley and tractions the 
sciatic nerve going from 1 5° to 30° of leg raising. Between L4 
and L5, the L5 nerve root normally moves 2.5 cm during the 
full range of SLR. 

Always perform the straight leg raising test slowly, whether 
the patient is sitting or recumbent, as it can create much pain 
in the low back or lower extremity for the patient and nega¬ 
tively affect the results of other testing. 

Valsalva maneuver and Lindner’s sign (Fig. 10.84). 
For the Valsalva maneuver, the patient attempts to expel air 
against a closed glottis. This movement can be described to the 
patient as straining to move the bowel. During this maneuver, 
the intradiscal pressure increases, and the increased force 
against the anterior dura lining of the nerve root accentuates 
the patient’s back or leg pain. Note also that the patient is asked 
to flex the head on the chest, which increases the traction of the 
nerve root against the disc bulge (Lindner’s sign). 

Raney (131) has stated that with a contained disc (i.e., the 
posterior anulus is not ruptured) flexion or maintenance of the 
flexed position obliterates the disc bulge and, assuming that 
motion of an irritated nerve root over a bulging disc is often the 
source of the patient’s back and leg pain, thus could be the ex¬ 
planation for relief of pain with flexion treatment. He demon¬ 
strated that both the Valsalva maneuver and abdominal com¬ 
pression obliterate the myelographic defect. Again, if it is 
assumed that motion of an irritated nerve root over a disc bulge 
is one of the causes of pain, the findings here could explain how 
abdominal compression or Valsalva maneuver done abruptly 
increases the patient’s pain as the defect appears and disap¬ 
pears, and thereby moves the nerve root over the disc. 

Bechterew’s test, Lindner’s sign, and Valsalva ma¬ 
neuver (Fig. 10.85). If Bechterew’s test is added to the Val¬ 
salva maneuver, further stretching the nerve roots behind the 
intervertebral disc space, this increased stretching accentuates 
the patient’s pain in nuclear matter escape. The combined pos¬ 
itive reaction of the Valsalva maneuver, Bechterew’s test, and 
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Table 10.7 


I Low Back Pain Examination Form 

Low Back Examination Form 

Nflttte _ Date Pain Onset 

Occupation: Age: _ Sex: M. F. S.M.D.W. 

Chief Complaint: 


History: 

Mechanism 

Narration 

Onset 

Palliative/Provocative 

Quality 

Radiation 

Severity 

Time 

U had this before 


PMHx.: 


Dr’s: 

C/Vdz.: 

Sx: 

DM: 

GU 

GI: 

CA: 

Drugs: 

Injuries 

Other Treatments 


Family History: 


CA: 

DM: 

C/V dz: 

L.B.P. /Sciatica: 

Other dz.: 



Social History: 


Nicotine: 

ETOH: 


Activities: 






Location of Pain. 

Aggravated By . 

Physical Examination: 


Rt. Leg 

Coughing 

B/P: 

Lung Sounds: 

Lt. Leg 

Sneezing 

Pulse: 

— O 

_ Heart Sounds: 

Both 

Straining 

Respirations: 

_ Lymph nodes: 

Alternating 

c 

Bending and 

Temp: 

_ Skin: 

Leg Pain Onset: 

Lilting 

Ht.: 

Abdomen: 

Before B.P. 

SUtmg 

Wt.: 

Prostate: 

After B.P. 




With B.P. 



continued 


Physical Examination Sitting: 


Test/Sign Minor’s Sign 

Negative 

Bechterew’s 

Sign 

Valsalva 

maneuver 

Valsalva maneuver 
w/Bechterew’s sign 

Pos. LBP 




Pos. LP 




Examination Standing: 





Kemp’s Toe Heel Spinal 

Ncri’s Lewin’s 


Examination Sign Walk Walk Tilt 

Bow Sign Lordosis 

Gait 

Normal 



Abn. R 

Increased 

Rt. Limp 

Abn. L 

Decreased 

Lt. Limp 

Examination: 

Supine: 



Pain upon 

Palp. 

Percussion 

Range of Motion 

Sensnr\ 

Negative 

Ncg. 

Range Pain 

Norm. 

L 

R 


Flexion 


LI 

LI 

LI 


Right 

L2 

L2 

L2 

Extension 

Left 

L3 

L3 

L3 

Lateral 

Hypes. Hyperes. 

L4 

L4 

L4 

Flexion 

LI 

L5 

L5 

L5 

Rt. 

L2 

SI 

SI 

SI 

Lt. 

L3 

TFL. 

TFL. 


Rotation 

L4 

G. Max. 

G. Max. 


Rt. 

L5 

G. Med. 

G. Med. 


Lt. 

SI 

Pirif. 

Pirif. 



S2 

Addct. 

Addct. 




Examination Supine: 




Examination 

SLR. 

Braggard’s sign 

Medial Hip Rot. WLR. ° 

Lindner’s sign Patrick’s sign 


R. L. 

1 

R. L. 

Negath e 






Pos. LBP R. L. 


Pos. LP 
Pos. Both 


Muscle Strengths: Reflexes: 


(0-5) 

Dorsi- 

flexion 

Plantar Hallux 

Flexion Flexion 

Hallux Foot 

Extension Eversion 


Right 


Left 

Normal 





Patellar 

0, 1,2, 3, 4, 

5 

0, 1,2, 3,4, 5 

Weak R 





Ankle 

0, 1,2, 3, 4, 

5 

0, 1,2, 3,4, 5 

Weak L 





Babinski 

Neg. Pos. 


Neg. Pos. 

Examinaton Supine: 




Circulation: 


Measurement: 

Examination Cox’s Amoss’ 

Sign Sign 

Moses’ 

Sign 

Milgrams’ 

Sign 

Fern. 

Art. 

Norm. II 


Circumference 

R. Lhiph 





Pop. Art. 

Post.Tib. Art. 

Norm. II 


L. Th i Hi 

Negative 





Norm. II 


R. Calf 

Positive 

R. L. 

R. L. 

Dors. Pedis 

Norm. JJ- 


L. Calf 


continued 


Examination Prone: 


Examination 

Yeoman’s Sign 

Ely's Sign 

Nachlas’ Sign 

Popliteal Fossa Pain 

Prone Lumbar Flexion 

Negative 






Pos. Rt. 






Pos. Lt. 







Nonorganic Physical Signs: 


Examination 

Libman’s 

Sign 

Tenderness 
to Skin Pinch 

MannkopP s 
Sign 

Burn’s 

Bench 

Flip 

Test 

Plantar 

Flexion 

Flexed 

Hip Test 

Axial 

Load 

Rot. Of Shoulders 
& Pelvis 

Neg. 

Pos. 


Specific 

Nonanatomic 









X-Rays Standing or Recumbent: 


Spinal Mechanics 

Spinal 


Sacral 

Lumbar 

Facet 

Facet 

Van Akkcrvccken 

Tilt 

Scoliosis 

Angle 

j_7i 

Lordosis Angle 

Asymmetry 

Syndn ime 

Stability 

None 

L. R. 

None 

L. R. 



Sagittal 

Coronal 

Present 

Absent 

Stable 

LI 

LI 



L. R. 



L2 

L2 

o 

o 

L1-L2 

L4-L5 

Unstable 

L3 

L3 



L2-L3 



L4 

L4 



L3-L4 

L5-S1 


L5 

L5 



L4-L5 




Mild 







Moderate 







Severe 







Congenital Abnormalities: 


Stenosis Sagittal 


Spina 

Bifida 

Spondy¬ 

lolysis 

Spondy¬ 

lolisthesis 

Transitional 

Vertebrae 

Diameter Spinal 

Canal Vertebral Body 

Intercrestal 
Line Cuts 

None 

None 

None 


Ll-2 

Ll-2 

L4 Body 

LI 

LI 

LI 

Sacralization 

L2-3 

L2-3 


L2 

L2 

L2 


L3-E 

L3-4 

L5 Body 

L3 

L3 

L3 

L. R. 

L4-5 

L4-5 


L4 

L4 

L4 


L5-S1 

L5-S1 


L5 

L5 

L5 





SI 

SI 


Lumbarization 




S2 


Percent 





S3 



L. R. 





True False 


Acquired Anomalies: 


Schmorl’s 

Narrowed 


Articular 


Nodes 

Disc Space 

Spondylosis 

Facet Arthrosis 

Retrolisthesis Other 

None 

None 

None Slight 

None Slight 

None 




L. R. 


LI 

L1-L2 

L1-L2 

L1-L2 

LI 

L2 

L2-L3 

L2-L3 

L2-L3 

L2 

L3 

L3-L4 

L3-L4 

L3-L4 

L3 

L4 

LT L5 

L4-L5 

L4-L5 

L4 

L5 

L5-S1 

L5-S1 

L5-S1 

L5 


continued 
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FI OW CHART FOR CORRELATIVE DIAGNOSIS 

LOW BACK AND/OR LEG PAIN (BELOW KNEE DIAGNOSIS) 

DISC 



L3-L4DISC _L4-L5 DISC L5-SI DISC 


_ 

_ M>LlAN 

INTO SIDE PAIN 

AWAY SIDE PAIN 

/ 


V UKJll/Ai 


_MEDIAL _ 

LATERAL =■_ 





LEVEL RT 

MEDIAL 




LT 

LATERAL 

SUBRHIZAL 


DFJERJNE TRIAD 


POSITIVE 

I 

PROTRUSION 


NEGATIVE 

I 

PROLAPSE 


LEG PAIN WORSE THAN LOW BACK 



PROTRUSION (722 l) - CATEGORY III 


PROTRUSION PROLAPSE 

BERTOLOni’S SYNDROME (L4 DISC WITH L5SI TRANSITIONAL SEGMENT) YES NO 


PROLAPSE(722 I). CATEGORY IV 


LOW BACK PAIN (NO LEG PAIN BELOW KNEE) DIAGNOSIS 


CATEGORY 1 

CATEGORY 11 

" T- _, 

CATEGORY V 

~_1_._ I _ 

CATEGORY VI 

I 

CATEGORY VII 

-1 

CATEGORY VIII 

AnnularTear 

Nuclear Bulge (722 1) 

Oiscogeruc 

Facet Syndrome 

Spondylolisthesis 

Stenosis 

(722 1) 


Spondyloarthrosis 





- low back pain 

- low backpain 


Stable 

Unstable 

True False 

(Eisenstem< 12 mi nor 


- buttock pam into tlugh to knee 


3 MM) 

{> 3 MM) 

(Pars Defect) (Degenerahve) 

Body Canal >4.1) 


Clinical Judgment 

L1-L2 

L1-L2 

L1-L2 

LL 

LI 

No hard objective findings— 






rotation and flexion injury 

L2-L3 

L2-L3 

L2-L3 

L2 

L2 



. L3-1A 

L3-L4 

L3-L4 

D 

L3 



L 4-1,5 

_ L4-L5 

L4-L5 

1.4 

M 



L5-SI 

L5-S1 

L5-S1 

L5 

L5 






V_ 

Pwfacogenic (. 12mm) 

Acq uired (Degenerative Facets) 


CATEGORY IX 

CATEGORY \1 

1- 

CATEGORY Xll 

CATEGORY XIII 

CATEGORY XIV 

CATEGORY XV 

F.B.S.S 

hpmai'. 


SUBLUXATION 

TlnfeSiti 

Transitional Segerocnt 

■. .,Iiivj' wtdirfhn 

(Failed Back Suilocal Syndrome) 

;ibLU 





Yes No 

A 

1 M 


Sundk 

Lt 

Retrolisthesis 

L1-L2 

R.T L5 True 

/ \ 

l-ryc- Dodn 

Fusion 

LM 2 

RT 

L2 

AfllEiihillieu 

L2-L3 




1 





LT IA tobt 


MitlOLUErTV 

U-Ll 

1 LT 

L3 

Right Lateral Flexion 

L3-L4 









S^ ntJLriii <i 


1 jininBci™tnv 

LJ-L4 


L4 

Left Lateral Flexion 

L4-I.5 


Thoracic LI L2 L3 L4 L5 Sacrum 







Lumbahaahon 


■ li -1 nnn lIVKe 

L*4J 

Ant 

L5 

Right Rotation 

L5-S1 



Epidural Steroid 

1.5-31 



Left Rotation 






RT 


HypfrtVnwfi 






LT 


Hyper extension 





CORRELATIVE DIAGNOSIS OF LOW BACK PAIN AND LEG PAIN 

RT L3-L4 Ijftml Discal Protrusion (722.1) 

LT L4-L5 Medial Discal Prolapse (722.1) 

L5-S1 Subrtuzal 
Central 


WITH 


CORRELATIVE D1AGNC 

CATEGORY V 

CATEGORYVI 

CATEGORY VII 

ISIS OF LOW BACK PAIN 

L1-L2 L2-L3 L3-M 

Discogeroc Spondylarthrosis (722.52) 

Stable or Unstable Faaet Syndrome (724.8) 

Spondylolisthesis (True or False) (756.16) 

L4-L5 L5.S1 

CATEGORY VIII 

CATEGORY IX 

CATEGORY XI 

CATEGORY XII 

Stenosis (Pedicogernc or Ogcnerative)(724 02) 

Post SUipca) Cate (722.83) 

Sprain or Strain (847 2) 

Subhixation(739.3) 


CATEGORY XIII 

Tiupisrrt(756.IO) 

CATEGORY XIV 

CATEGORY XV 

Trausihcmal Segemen! (756.19) 

Soobosis(737 0) 


or Other Pathology 
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Table 10.8 


Criteria for Diagnosis of Sciatica Due to 
a Herniated Intervertebral Disc 

1. Leg pain is the dominant symptom when compared with 
back pain. It affects one leg only and follows a typical 
sciatic (or femoral) nerve distribution. 

2. Paresthesiae are localized to a dermatomal distribution. 

3. Straight leg raising is reduced by 50% of normal, and/or 
pain crosses over to the symptomatic leg when the 
unaffected leg is elevated, and/or pain radiates proximally 
or distally with digital pressure on the tibial nerve in the 
popliteal fossa. 

4. Two of four neurologic signs (wasting, motor weakness, 
diminished sensory appreciation, and diminution of reflex 
activity) are present. 

5. A contrast study is positive and corresponds to the clinical 
level. 

Based on McCullough |A. Chemonucleolysis. ] Bone Joint Surg 

1977; 159B:45-52. 


Figure 10.83. Bechtercvv’s sign. 


Figure 10.85. Bechterevv’s test, Lindner’s sign, and the Valsalva ma- 








Figure 10.84. Valsalva maneuver and Lindner’s sign. 


Figure 10.82. Minor’s sign. 


neuver. 
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Lindner’s sign indicates the presence of a disc lesion. One test 
alone might not be positive. 

Patient Standing 

Ncri’s bowing sign (Fig. 10.86). With Neri’s sign, as the pa¬ 
tient bows forward, the affected leg Hexes, as in a curtsey, as 
the sciatic nerve is irritated. Knee flexion removes the tractive 
irritation from the inflamed sciatic nerve. 

Lewin’s standing sign (Fig. 10.87). Lewin’s standing 
sign is manifested with the patient’s knees placed in extension. 
Increased pain in the low back or leg can cause the knee to snap 
back into flexion. If this is observed, a disc, gluteal, or sacroil¬ 
iac disturbance is indicated. 

Gait (Fig. 10.88). Note whether the patient limps while 
walking and, if so, which extremity is af fected. 

Patient lean (Fig. 10.89). Note whether the patient leans 
to the right or the left. Later, correlation of this antalgia with 
the side of the pain will aid in determining whether the nuclear 
bulge is medial, lateral, or subrhizal. 

In detailing the meaning of the sciatic scoliotic antalgic lean 
of a patient, that is, whether the patient leans away from the 
side of pain for a lateral disc lesion or into the side of pain for a 
medial one, remember two important findings. First, Lind- 
blom (132) enhanced our thinking on the importance of the lat¬ 
eral bending significance of disc protrusion by his finding that, 



Figure 10.86. Neri’s bowing sign. 



Figure 10.87. Lewin’s sign. 


in rat tails tied into “U” shapes, degeneration and rupture oc¬ 
curred on the concave side of the spine while the convex side 
remained normal. Second, Porter and Miller (133) stated that 
20 patients they studied did not indicate the side of the list to 
be related to the side of the sciatica or to the topographic posi¬ 
tion of the disc in relation to the nerve root. It is, therefore, up 
to the clinician to carefully integrate lateral flexion lists with 
other findings to arrive at the correct clinical impression. 

Lumbosacral list has received a number of designations, in¬ 
cluding alternating lumbar scoliosis, alternating sciatic scolio¬ 
sis, sciatic scoliotic list, trunk list, gravity-induced trunk list, 
“wind swept” spine, and lumbosacral list. 

List hypotheses are as follows: (a) increasing back and leg 
pain with lateral leaning results from increased stretch of the 
nerve root in relationship to a disc herniation; ( b ) increasing 
pain with contralateral leaning implicates a medial herniation; 
and (c) increasing pain with ipsilateral leaning implicates a disc 
herniation lateral to the nerve root. 

Radiologic study of the lumbosacral list may determine the 
segmental level of the disc herniation. Laterality of the lum¬ 
bosacral list does not indicate the relationship of the disc herni¬ 
ation to the nerve root, either axillary or lateral. Nevertheless, 
the lumbosacral list remains an important clinical sign (1 34). 

Medial disc protrusions have poorer clinical outcomes than 
lateral disc protrusions and show a higher incidence of cauda 
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Figure 10.88. Gait. 

equina syndrome. Up to 3 3% of lumbar disc herniations are 
midline. Also referred to as central or dorsal, they protrude 
through the strong central fibers of the posterior longitudinal 
ligament or the anulus. The midline herniation reportedly 
causes predominantly low back pain because of stretching or in¬ 
jury to the posterior longitudinal ligament and, rarely, sciatica. 
Passive straight leg raising typically produces back pain without 
radiation. Cauda equina syndrome, which can result from me¬ 
dial disc protrusion, has been reported extensively in the liter¬ 
ature (135). 

Lumbar lordosis (Fig. 10.90). Note whether the patient 
while standing reveals increased, decreased, or normal lumbar 
lordosis. The typical disc patient will have a loss of lumbar lor¬ 
dosis because this posture opens the dorsal intervertebral disc 
space, thus relieving the pressure of nuclear bulge on the in¬ 
volved nerve root or cauda equina. 

Chronic pain patients exhibit increased lumbar lordosis, and 
acute pain patients exhibit increased thoracic kyphosis and aforward 
head position in the standing position. Sitting finds acute patients 
to have increased thoracic kyphosis compared with controls 
(13b). 

Pain on palpation (Fig. 10.91). Note the levels of pain 
that the patient experiences on deep digital pressure. Some¬ 
times, not only the back pain but also a radiating sciatic dis¬ 
comfort can be elicited. 


Percussion (Fig. 10.92). Tapping over the involved para- 
spinal and spinous process levels creates pain if inflammatory 
changes are present around the involved nerve roots. 

Kemp’s sign (Fig. 10.93). The test for Kemp’s sign can 
be performed with the patient in either the standing or the sit¬ 
ting position. Sitting increases intradiscal pressure and, there¬ 
fore, maximizes stress to the disc, whereas standing increases 
weightbearing and maximizes stress to the facets. The test for 
Kemp’s sign should be performed in both positions. Kemp’s 
sign can be positive for facet irritation or compression of a 
bulging nucleus against a nerve root. If both are present, low 
back pain is elicited. With a disc bulge, accentuation of the 
lower extremity radiculopathy is increased. Some patients with 
disc lesion experience only back pain with Kemp’s sign. With 
a medial disc, Kemp’s sign is usually positive when the patient 
is flexed either to the right or to the left in extension. Pain oc¬ 
curs because a medial disc can irritate a nerve root regardless 
of the direction in which the patient is posteriorly and laterally 
flexed. In medial disc protrusion it is expected that the patient 
will experience greater pain when flexed away from the side of 
pain or disc lesion, whereas in lateral disc protrusion, the pa¬ 
tient will experience greater pain when flexed into the side of 
low back and lower extremity pain. 

Goniometric measurements (Figs. 10.94-10.97). 
Goniometric measurements should be taken with the patient 



Figure 10.89. Lean of patient. 
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Figure 10.92. Percussion. 




j 


Figure 10.90. Lumbar lordosis. 


Figure 10.91. Pain on palpation. 





Chapter 10 Diagnosis of the Low Back and Leg Pain Patient 433 




Figure 10.95. Extension measured. 


Figure 10.96. Lateral flexion measured. 
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Figure 10.97. Rotation measured. 

in flexion, extension, lateral bending, and rotation of the 
lumbar spine. These measurements provide a record of the 
ranges of motion for comparison with future measurements 
and for verification of patient response or failure to treat¬ 
ment. 

Digital computerized goniometers have shown greater ac¬ 
curacy than older, handheld metal or plastic goniometers. The 
accuracy of goniometric measurement is critical, because 
range of motion status, coupled with improvement of the SLR 
sign, are the two tests used to determine the progress of a pa¬ 
tient under care. Specifically, in our clinical practice, we feel 
that a patient must show at least 50% improvement within 3 
to 4 weeks of conservative manipulative care or we change our 
treatment protocol and perform more diagnostic tests and en¬ 
tertain surgical consultation. Million et al. (1 37) found objec¬ 
tive assessments of spinal motion and SLR to show a high de¬ 
gree of intraobserver reproducibility, thereby emphasizing 
their importance in evaluating the progress of the low back 
pain patient. 

Range of Motion of the Thoracolumbar Spine 

Repeated measurements were made of lumbar sagittal range of 
motion by 14 examiners using three different measuring in¬ 
struments to determine the reliability of lumbar range of mo¬ 
tion measurements among examiners and subjects, and to de¬ 
termine whether variance is caused by subject inconsistency, 


examiner inconsistency, differences between examiners, or 
differences between instruments. 

No systematic difference resulted from instruments or pos¬ 
ture condition. However, a statistically significant variance was 
found among examiners—a poor interexaminer reliability. 
Range of motion measurements must be interpreted with cau¬ 
tion in clinical, research, and disability applications. Even when 
obtained with excellent instruments, results must be inter¬ 
preted with caution (1 38). 

Toe walk (Fig. 10.98). The inability to walk on the toes in¬ 
dicates an L5-S1 disc problem caused by weakness of the calf 
muscles supplied by the tibial nerve. 

Heel walk (Fig. 10.99). The inability to walk on the 
heels indicates an L4-L5 disc problem caused by weakness of 
the anterior leg muscles supplied by the common peroneal 
nerve. 



Figure 10.98. Toe walk. 



Figure 10.99. Heel walk. 
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Examination with the Patient in the 
Supine Position 

Some of the following tests may be clone with the patient in the 
prone position, depending on which position is more comfort¬ 
able for the doctor and/or patient. 

Lindner’s sign (Fig. 10.100). The test for Lindner’s sign 
(also known as the Brudzinski or Soto-Hall sign) is often per¬ 
formed in conjunction with the straight leg raising test or the 
Valsalva maneuver for maximal effect. Lindner’s sign refers to 
stretching of the dural linings of the nerve roots behind the 
bulging disc material, which causes pain when performed. 

Straight leg raising sign (Figs. 10.101 and 10.102). Dur¬ 
ing straight leg raising the lumbosacral nerve roots move 
through their intervertebral foramina up to several millimeters, 
depending on the author quoted (1 39). Fisk states that the nerve 
roots move 2.5 cm (130). A great deal of traction is found of the 
sciatic nerve at the sacral ala and the sciatic notch, with move¬ 
ment first seen at the sciatic notch and later at the roots. If the 
patient feels pain soon after initiating the SLR maneuver, it can 



indicate either a large disc protrusion or nerve sensitivity at the 
sacral ala or sciatic notch. Movement of the sciatic nerve dimin¬ 
ishes with age and proximity to the spinal cord. 

In SLR, tension and movement develop first in the sciatic 
notch, then in the ala of the sacrum as the nerve passes over the 
pedicle, and finally at the intervertebral foramen itself. Move¬ 
ment of the nerve root through the intervertebral foramen has 
been cited to be 2 to 6 mm (20), 4 to 8 mm (140), and 2 to 5 
mm (141). 

It is important to remember that compressing or stretching 
a normal nerve is not painful. The SLR pain is a reflex or sen¬ 
sory input mechanism that protects a person from injury. The 
reason for SLR pain is explained as sensitivity of the dorsal roots 
caused by mechanical pressure. Perl (142) believes, however, 
that SLR pain is caused by a chemical noxious irritation by sub¬ 
stances liberated by mechanical pressure. 

Charnley (140) found SLR to be the best clinical or radio- 
logic sign for diagnosing disc protrusion. Hakelius and Hind- 
marsh (143) found an inverse proportion to the degree of lim¬ 
itation of SLR and the percentage of positive disc herniation at 
surgery. Sprangfort (144) found that in young people the sign 
has no specific value for diagnosing disc herniation and that a 
negative SLR excluded disc herniation. After age 30, however, 
possible SLR is seen less often but its diagnostic value increases, 
and a negative SLR no longer excludes the diagnosis of disc her¬ 
niation (144). 

Lasegue (145) described the painful ef fect in patients with 
sciatica of stretching the sciatic nerve by extending the knee 
with the hip flexed; he also described the relief from pain when 
the knee was then flexed. This is the classic leg raising sign. 
Variations of this sign, along with interpretations of its mean¬ 
ing, lend much more knowledge to the examining physician 
than merely noting that with a certain degree of leg raise the 
patient experiences either back or leg pain or both. On the ex¬ 
amination form would be recorded whether the leg raising sign 
was positive and, if so, at what degree of elevation (Fig. 
10.1015). 



Figure 10.101. A. Straight leg raising (SLR) and medial hip rotation performed simultaneously. B. Go 
niometer measurement of angle at which SLR is positive. 
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Figure 10.102. Braggard’s maneuver performed. 


Brcig and Troup (146) add a degree of sophistication to the 
SLR test. After noting the level of pain on straight leg raising, 
lower the extremity a few degrees to relieve the pain and then 
dorsiflex the ankle while medially rotating the hip. Medial hip 
rotation places greater stretch on the lumbar and sacral nerve 
roots and accentuates the SLR sign. These authors feel if the 
pain that limits straight leg raising is elicited by such dorsiflex- 
ion and medial hip rotation, increased root tension is indicated 
and the site of pain may help in locating the level of the disc 
causing the pain. Figure 10.10 Id shows medial hip rotation and 
Figure 10.102 shows dorsiflexion of the foot (Braggard’s sign). 
Figure 10.101 B shows goniometric measurement of SLR. 

By stretching the lumbosacral nerve roots, the SLR sign 
proves that the first sacral nerve root allows the greatest move¬ 
ment. 

In theory, the SLR should identify not only the presence of 
increased root tension but also, possibly, the site of such irrita¬ 
tion. The production of pain on passive dorsiflexion of the an¬ 
kle near the limit of the pain-free range of SLR confirms that 
the root is mechanically compromised. Pain on pressure in the 
popliteal fossa after flexion of the knee at the limit of SLR has 
a similar significance, and when the well leg raising test is pos¬ 
itive, this pain is a strong confirmation of root involvement. 

The angulatory stress exerted on the lumbar nerve roots 
during SLR was measured on cadavers within 4 hours of death 
(147). A short length of rubber tube was inserted between the 
disc and nerve root and the tension was monitored by semi¬ 
conductor pressure transducers. Results of this testing were: 

1. With the SLR, the pressure between the nerve root and the 
disc does not change until the leg is raised to about 30°, with 
a progressive rise occurring as the angle of the leg increases. 
The pressure increase is highest at the L5—SI disc level and 
half as high at the L4—L5 level. The pressure increase on SLR 
at L3-L4 was one tenth of that at L5—SI. 

It can be concluded that (< 3 ) an SLR that is positive under 
30° reveals a large disc protrusion. The nerve root is 
stretched here long before it normally would be. ( b ) SLR is 
most usef ul in identifying L5—SI disc lesions, because the 
pressures are highest at this level. On SLR, L4—L5 is not as 
apt to give as much pain as is L5—SI, because the pressure 


between the disc and the nerve root is half that at L5—SI. 
Therefore, the L5—SI disc lesion gives more pain in the low 
back and leg than does the L4—L5 disc lesion, (c) No move¬ 
ment on the nerve root occurs until SLR reaches 30°. (J) No 
movement of the L4 nerve root occurs during SLR (148). 

2. Adduction of the hip on SLR increases the pressure on the 
nerve roots. 

3. The second, third, and fourth lumbar nerve roots show no 
increase in tension during SLR but did show an increase dur¬ 
ing the femoral stretch test (149). 

Straight leg raising and Lindner’s signs (Fig. 10.103). 
Whenever the straight leg raising test produces a questionable 
result for pain, combine it with flexion of the cervical spine 
(Lindner’s sign). This combination places the greatest pull and 
stretch on the nerve roots behind the intervertebral disc and of¬ 
ten elicits pain. Along with this combination, dorsiflex the foot, 
have the patient cough, or perform the Valsalva maneuver. 
These maneuvers further accentuate intradiscal pressure and 
elicit pain that otherwise might be missed. 

Swan and Zervas (150) found that simultaneous flexion of 
the neck and elevation of the contralateral leg produced pain in 
the ipsilateral (presenting) sciatic notch in five patients with ei¬ 
ther free fragments or herniated disc found at operation. Rais¬ 
ing the contralateral leg alone elicited no pain in either leg. 

Adduction and internal rotation of the leg while SLR is per¬ 
formed brings out the pain response more readily; this is called 
Bonet’s phenomenon. Also perf orming dorsiflexion of the foot 
during SLR is called Braggard’s sign; and extension of the great 
toe during SLR to accentuate the nerve root stretch is called 
Sicard’s sign. 

Well leg raising (Fajersztajn) sign (Figs. 10.104 and 
10.105). The well leg raising sign (Fajersztajn sign) is exacer¬ 
bation of pain down the involved or painful lower extremity 
when the opposite or noninvolved extremity is placed in 
straight leg raise. Hudgins (151) states that increased sciatica on 
raising the opposite or well leg (the cross straight leg raising 
sign) is associated with a herniated lumbar disc in 97% of pa¬ 
tients. Myelography is unnecessary for the diagnosis of disc her- 



Figure 10.103. Tests for straight leg raising and Lindner’s signs, per¬ 
formed together. 
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Figure 10.104. Interpretation of the well leg raising sign in a case of 
lateral disc bulge. 



Figure 10.105. Interpretation of the well leg raising sign in the case 
of a medial disc bulge. 

nia in patients with this sign. Although it is possible for patients 
with this sign to have a normal myelogram, nevertheless, 90% 
prove to have a herniated disc. 

When the disc protrusion is displaced lateral to the nerve 
root (Fig. 10.104), raising the uninvolved leg actually pulls the 
nerve root away from the disc and can relieve back or leg pain. 

When the disc protrusion is displaced medial to the nerve 
root (Fig. 10.105), raising the uninvolved leg actually pulls the 
nerve root into the disc bulge and causes radiculopathy down 
the involved leg. 

Interpretation of the straight leg raising sign. In a 

study of 50 patients in a 2-year period, Edgar and Park (152) 


found that the pattern of pain on SLR was closely related to the 
central or lateral position of the disc protrusion. In addition to 
its use in the diagnosis and assessment of progress, the SLR sign 
may be helpful in localizing the protrusion by analysis of the dis¬ 
tribution of the pain so induced. Clinically, myelographic and 
operative observations were carried out prospectively on 50 
such patients to investigate the relationship between the pat¬ 
tern of pain in SLR and the site of the protrusion. In 80% of the 
patients, the following correlation was found: 

Location of Protrusion Back Pain Leg Pain 

Lateral protrusion + 

Medial protrusion + 

Intermediate protrusion (subrhizal) + + 

Therefore, a lateral protrusion causes a patient to experi¬ 
ence leg pain; a medial protrusion, back pain; and a subrhizal 
protrusion, both back and leg pain. 

The straight leg raising sign can provide a wealth of infor¬ 
mation; the level of pain can indicate the disc at fault; the pres¬ 
ence of back pain, leg pain, or both can indicate the type of pro¬ 
trusion; and various combinations of Valsalva, cervical flexion, 
dorsiflexion of the foot, and medial hip rotation can aid signif¬ 
icantly in diagnosis. 

Macnab (153) demonstrated the bowstring sign as being the 
most reliable test of root tension in sciatica caused by an inter¬ 
vertebral disc lesion (Fig. 10.106). 

Shiqing et al. (1 54) reported on a study of 11 3 patients that 
the distribution of pain on SLR allowed an accurate prediction 
of the location of the lesion in 100 (88.5%) of the cases. Central 
protrusions caused back pain, lateral protrusions caused lower 
extremity pain, and intermediate protrusions caused both. 

Validity and importance of SLR in objective evalu¬ 
ation. Lastly, concerning the SLR, remember its importance 



Figure 10.106. When eliciting the bowstring sign, the patient’s loot 
should he allowed to rest on the examiner’s shoulder with the knee 
slightly flexed at the limit ol straight leg raising. Sudden firm pressure is 
then applied by the examiner’s thumbs in the popliteal fossa. Radiation 
ol pain down the leg or the production ol pain in the hack is pathogno¬ 
monic of root tension. (Reprinted with permission from Macnab I. Back¬ 
ache. Baltimore: Williams & Wilkins, 1977.) 
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in the diagnosis and evaluation of progress of the patient under 
treatment for sciatic caused by a disc lesion. High degrees of re¬ 
producibility of interexaminer objective assessment were 
found for SLR (1 37). SLR has been found to be the most reli¬ 
able and strongly recommended objective test in evaluating 
spinal manipulative response for low back pain (155). 

Miller et al. (1 56) evaluated tests including gait, toe and heel 
walk, plantar flexion, cervical flexion, patellar and Achilles re¬ 
flexes, SLR, and sensibility to pinprick and light touch, and 
found that the SLR had the best intra and interexaminer relia¬ 
bility. Figure 10.1015 shows measurement of SLR with the 
digital goniometer for recording accuracy. 

Importance of SLR 

The straight leg raising test is regarded as probably the most im¬ 
portant clinical test for evaluating lumbar nerve root tension 
caused by disc herniation. The incidence of a positive SLR test 
varies between 81 and 99%. A positive SLR test postopera- 
tivcly correlates with inferior surgical outcome (157). 

The straight leg lift was the most sensitive preoperative 
physical diagnostic sign (90%) for correlating intraoperative 
pathology of lumbar disc herniation (1 58). 

Sock Test 

Protrusions were not found in patients who could not reach to 
the ankle (the “sock test”) and yet had an SLR greater than 40°. 
Neither was there a patient with a protrusion who could reach to 
the ankle or distal to the ankle and had a SLR less than 40° (159). 

L5 and SI Nerve Root Compressions More Likely 
Positive on SLR 

Straight leg raising is more likely to be positive with an L4—L5 
or L5—S1 disc herniation than with other high lumbar (LI—L4) 
herniations in which the test is positive in only 73.3% of pa¬ 
tients. The likely reason for this is that the L5 and SI nerve 
roots move 2 to 6 mm at the level of the neural foramen, 
whereas higher lumbar nerve roots show little excursion (160). 

What Level of SLR Is Significant? 

Tension is transmitted to the nerve roots once the leg is raised 
beyond 30°, but after 70°, further movement of the nerve is 
negligible. A typical positive SLR sign is one that reproduces the 
patient’s sciatica between 30° and 60° of leg elevation (161). 

The relationship between the SLR test and the size, shape, 
and position of the hernia was evaluated before inception of 
nonoperative treatment and then 3 and 24 months after treat¬ 
ment. The limitation of the SLR test was not related to size or 
position of the hernia. A decrease in hernia size over time, ir¬ 
respective of shape, was not correlated to a concomitant im¬ 
provement in SLR. It must be presumed that additional factors 
(e.g., inflammatory reactions affecting the nerve roots) are of 
importance for the magnitude of SLR (162). 

Patrick’s sign (Fig. 10.107). Patrick’s sign refers to pain 
in the groin and hip area, which is common with disc lesion be¬ 
cause of the irritation of nerve supply to these structures. Ra¬ 
diographic evaluation of the hip will rule out any hip disease. 


Gaenslen’s sign (Fig. 10.108). The test for Gaenslen’s 
sign is performed by flexion of one knee upon the chest, while 
the other is placed in extension over the side of the table. This 
is a differential sign between sacroiliac and lumbar spine pain. 
When the test is perf ormed, the pain will appear at the location 
of the lesion, whether it be in the sacroiliac or lumbar spine. 

Cox’s sign (Fig. 10.109). Cox’s sign occurs when, during 
SLR, the pelvis rises from the table rather than the hip flexing. 


Figure 10.107. Patrick’s sign. 


Figure 10.108. Gaenslen’s sign. 


Figure 10.109. Cox’s sign. 
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I have noticed this occurrence in patients with prolapse into the 
intervertebral foramen—a grave condition. 

Amoss’ sign (Fig. 10.110). Amoss’ sign is manifested by 
difficulty in rising from the supine position. The patient must 
use the arms to lift him or herself and prevent flexion or mo¬ 
tion of the lumbar spine. 

Dorsiflexion of the foot (ankle extension) (Fig. 10. 
111). The sciatic nerve is made up of tibial and common per- 



Figure 10.110. Amoss’ sign. 



Figure 10.111. Dorsillexion of the ankle. 



oneal nerves. The common peroneal nerve divides into the su¬ 
perficial and the deep peroneal branch. Dorsiflexion as shown 
in Figure 10.11 1 depends on nerve supply via the deep branch 
of the peroneal nerve to the anterior tibialis muscle, the exten¬ 
sor hallucis longus muscle to the great toe, and the extensor 
digitorum longus muscle to the toes. The superficial peroneal 
nerve su ppii es the peroneal muscles that allow the foot to flex 
laterally at the ankle as well as flex upward (dorsiflexion). Dor¬ 
siflexion weakness in the foot at the ankle is indicative of fifth 
lumbar nerve root compression by an L4-L5 disc level lesion. 

The inability of the patient to walk on the heels is also in¬ 
dicative of the same finding, but testing the patient’s strengths 
as shown in Figure 10.111 is a much more intricate evaluation. 
The patient may be able to walk on the heels, yet demonstrate 
weakness of the muscle on dorsiflexion. 

Dorsiflexion of the great toe (Fig. 10.11 2). Dorsiflex¬ 
ion strength of the great toe is determined by testing the 
strength of the extensor hallucis longus muscle. Dorsiflexion 
weakness of the great toe is indicative of L5 nerve root irrita¬ 
tion by an L4— L5 disc lesion. 

Goodall and Hammes (163) have developed a prototype of 
a meter used to establish differences in dorsiflexion strength of 
the great toe to detect early L5 nerve root lesions. The meter 
is accurate within 2%. 

Plantar flexion or ankle flexion of the foot (Fig. 
10.113). The tibial branch of the sciatic nerve supplies the pos¬ 
terior tibialis, gastroc soleus, flexor digitorum longus, and hal¬ 
lucis longus muscles. Weakness of plantar flexion of the foot is 
indicative of first sacral nerve root compression by an L5—SI 
disc lesion. 

A variation of this test is to ask the patient to walk on the 
toes. The inability to do so indicates the same finding as that of 
the plantar flexion sign. As in testing in dorsiflexion, testing the 
strength of one foot against the other is a much more reliable 
sign, because a patient may be able to walk on the toes and still 
have calf muscle weakness on one side. 

Peroneal muscle testing. The peroneal muscles, which 
are the evertors of the ankle and foot, receive nerve supply 
from the first sacral nerve root. Test their strength by asking 
the patient to walk on the medial borders of the feet; or have 



Figure 10.112. Dorsiflexion of the great toe. 


Figure 10.113. Plantar flexion of the ankle. 
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the patient sit on the edge of the table and, as the patient at¬ 
tempts to pull the foot into eversion and dorsiflexion, oppose 
this by pushing against the head and shaft of the fifth metatarsal 
bone with the palm of your hand. 

Plantar flexion of the great toe (Fig. 10.114). The 
flexor hallucis longus tendon is tested for strength in plantar 
flexion of the great toe. Weakness here is indicative of a first 
sacral nerve root compression by an L5-S1 disc lesion. 

Thigh measurement (Fig. 10.1 15). Both thighs are mea¬ 
sured at the same distance above the superior patellar pole. Dif¬ 
fering sizes indicate atrophy. 

Calf measurement (Fig. 10.116). Both calves are mea¬ 
sured at the same distance below the inf erior patellar pole. Dif¬ 
ferent sizes indicate atrophy. 

Milgram’s sign (Fig. 10.1 1 7). The inability to hold the 
feet 6 inches off the floor while in the supine position indi¬ 
cates extreme nerve root irritation and is believed to be a sign 
of arachnoiditis caused by iophendylate dye as well as disc le¬ 
sion. 

Ankle jerk reflex (Fig. 10.118). The deep reflex of the 
ankle known as the “Achilles reflex” is diminished or absent in 
the presence of an L5—SI disc irritation of the first sacral nerve 
root and, therefore, is of extreme importance in evaluating 


lower disc involvement. Note that the patient’s foot is held in 
dorsiflexion while the ankle jerk reflex is elicited. Thus, not 
only the reflex but also the strength of the muscular contrac¬ 
tion of the calf muscle is observed. This test can be performed 
with the patient prone or supine. 



Figure 10.116. Calf measurement for atrophy. 



Figure 10.114. Plantar flexion of the great toe. 


Figure 10.117. MilgranTs sign. 






Figure 10.115. Thigh measurement for atrophy. 


Figure 10.118. A nklc jerk reflex testing. 
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Absent Ankle Jerk May Be Normal 

A significant number of “normal” adults have unilateral absence 
of an ankle reflex. Over the age of 40 years, in either sex, the 
proportion of patients with absent ankle reflexes increases; 1 to 
10% of adults older than 40 years show unilateral absence of an 
ankle reflex. Unilateral loss is therefore a more useful neuro¬ 
logic sign and, where appropriate, will require f urther investi¬ 
gation, irrespective of age. Absent ankle reflex for herniated 
lumbar disc is reported to be approximately 90% between 20 
and 45 years of age and 60% over the age of 50 years (164). 

Patellar reflex (knee jerk) (Fig. 10.119). The patellar 
reflex sign indicates involvement of the L3 disc, which would 
affect the fourth lumbar dermatomes. Because discs other than 
the L4 or L5 are seldom involved, this is relatively useless in 
evaluating disc lesions in the lower extremity. 

Pinwheel examination (Figs. 10.120—10.123). Pinwheel 
examination of the lower extremities is shown in Figures 
10.120—10.12 3. The weight of the pinwheel is the only down¬ 
ward force applied to equalize the pressure of each leg. The 
same dermatome of each leg is stimulated, and the patient is 
asked which feels less sharp. Testing is shown of the fif th lum¬ 
bar dermatome above the knee (Fig. 10.120); the L5 der¬ 



Figure 10.119. Patellar reflex (knee jerk) testing. 


matome below the knee (Fig. 10.121); the dermatomes at the 
first sacral level of the thigh (Fig. 10.1 22); and the dermatomes 
at the first sacral level below the knee (Fig. 10.123). The first 
sacral dermatome is tested with the patient prone. 



Figure 10.121. L5 dermatome. 



Figure 10.122. SI dermatome. 



Figure 10.120. L5 dermatome. 


Figure 10.123. SI dermatome. 
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Figure 10.124. Tapping the origin of the inner hamstring muscles 
(semitendinosus and semimembranosus) at the ischial tuberosity to elicit 
the hamstring reflex. 



Figure 10.125. Tapping the insertion of the inner hamstring muscles 
of the semimembranosus and semitendinosus tendons at the medial 
condyle and proximal portions of the tibia to elicit the hamstring reflex. 

Vibratory sense. Vibratory sense can be tested; however, 
realize that older persons (aged more than 50 years) have a nat¬ 
urally decreased vibratory and temperature perception. 

Tensor fascia femoris response. Macnab (153) dis¬ 
cusses the reflex contraction of the tensor fascia femoris to 
plantar reflex and the loss of this response in SI nerve root le¬ 
sions. 

Hamstring muscle reflex (Figs. 10.124 and 10.125). 
Loss of the hamstring reflex occurs in compression of the L5 
nerve root by an L4—L5 disc protrusion. 

Measurement of Lower Limb Circulation 

Femoral artery (Fig. 10.1 26). Draw a line between the an¬ 
terior superior iliac spine (ASIS) and the symphysis pubis; mid¬ 
way between these points, drop down 1 inch and that will be 
the femoral artery. Palpate the pulse and compare right to left 
for pulse strength. 

Popliteal artery (Fig. 10.127). By Doppler or palpation 
determine the patency of the popliteal artery. 

Posterior tibialis artery (Fig. 10.128). By Doppler or pal¬ 
pation compare the two pulses of the posterior tibialis arteries. 


Dorsalis pedis artery (Fig. 10.1 29). By Doppler or pal¬ 
pation compare the pulse of the dorsalis pedis artery and its 
strength in the two extremities. This artery is located between 
the Hrst and second metatarsal bones on the dorsum of the foot. 

These pulses are important in differentiating intermittent 
claudication of ischemic cause from that of neurogenic cause. 
When these pulses are present and the patient has the cramp¬ 
like pains of claudication, the origin of pain is not vascular but 
neural. Look for discal lesions, ligamentous hypertrophy, ste¬ 
nosis, or peripheral neuropathy. 

Moses’ sign (Fig. 10.1 30). The test for Moses’ sign is per¬ 
formed by grasping the calf of the patient’s leg, which creates 
pain if phlebitis or vascular occlusion is present. 

Examination with the Patient in the 
Prone Position 

Nachlas’ knee flexion sign (Fig. 10.1 31). On passive flex¬ 
ion of the knee, the patient lying in the prone position will ex¬ 
perience pain in the low back or lower extremity. This sign is 
positive for sacroiliac, lumbosacral, and disc lesions. 



Figure 10.126. Femoral artery. 



Figure 10.127. Popliteal artery. 
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Figure 10.128. Posterior tibialis artery. 



Figure 10.129. Dorsalis pedis artery. 


It is also possible that stretching of the lumbar plexus pulls on 
the sacral plexus through the interconnecting branches (165). 

Yeoman’s sign (Fig. 10.132). The test for Yeoman’s sign 
is performed by applying pressure over the suspected sacroil¬ 
iac joint to fix the pelvis to the table. The patient’s leg, flexed 
at the knee, is hyperextended by lifting the thigh from the 
table. Increased pain in the sacroiliac is indicative of a lesion at 
that level. 

Ely’s heel-to-buttock sign (Fig. 10.133). The test for 
Ely’s sign is performed by bringing the patient’s heel to the op¬ 
posite buttock by flexing the knee. Ely’s sign identifies any ir¬ 
ritation of the psoas muscle or a lumbosacral lesion. 

Ely’s sign also demonstrates contracture or shortening of 
the rectus femoris muscle. If contracture is present, the hip will 
flex and the buttock will rise from the table. 

Prone knee flexion test (Fig. 10.1 34). Prone knee flex¬ 
ion provides provocative testing for lumbar disc protrusion 
(166). The pathophysiology of this test depends on compression 
of spinal nerves during hyperextension of the lumbar spine, 
which intensifies intervertebral disc protrusion into the spinal 
canal. Also, the lumbar intervertebral foramina are narrowed 
and the spinal canal cross-sectional area is decreased by lumbar 



Figure 10.130. Moses’ sign. 


The mechanism of producing sciatic pain by this test is un¬ 
known. It may be that knee flexion in the prone position 
stretches not only the high lumbar roots, but also, to a minimal 
extent, the lumbosacral roots; slight movements in the pres¬ 
ence of severe nerve root compression could elicit sciatic pain. 


Figure 10.132. Yeoman’s sign. 



Figure 10.131. Nachlas’ sign. 
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Figure 10.133. 


Ely’s sign. 

J 



Figure 10.134. Prone knee flexion test. 



Figure 10.135. Popliteal fossa pressure. 


extension. Compression of a spinal nerve by lumbar disc pro¬ 
trusion may be intensified. Therefore, a protruded disc that has 
not produced sufficient neurocompression to cause weakness or 
reflex changes on testing with the spine normally aligned may be 
provoked by this test to produce changes that the examiner can 
elicit by testing in the prone knee flexion position. 


The patient lies prone and the knees are hyperflexed, pro¬ 
ducing lumbar extension. The patient remains in the posture 
for approximately 45 to 60 seconds, and then the deep reflexes 
and muscle strength of the lower extremity are again evaluated. 
Weaknesses not observed prior to this maneuver may well be 
evident following it. 

Popliteal fossa pressure (Fig. 10.135). In sciatica, the 
tibial branch of the sciatic nerve will be tender in the popliteal 
space on deep pressure, which is known as the “bowstring 
sign.” According to Macnab (153), this is probably the single 
most important sign in the diagnosis of a ruptured interverte¬ 
bral disc. The test for this sign can be perf ormed with the pa¬ 
tient in either the prone position (Fig. 10.1 35) or the supine 
position. With the patient in the supine position, the SLR is 
performed until the patient experiences some discomfort. At 
this level, the knee is allowed to flex and the patient’s foot is al¬ 
lowed to rest on the examiner’s shoulder. The test demands 
sudden firm pressure applied to the popliteal nerve. This action 
may startle the patient sufficiently to make him or her jump. 
Reproduction of pain in the leg or in the back is irrefutable ev¬ 
idence of nerve root compression. 

Nonorganic Physical Signs (Malingering) 

A patient with three or more of the following signs should be 
suspected of malingering. (For more information on psycholog¬ 
ical screening of patient, see the article by Waddell et al. [167J). 

Libman’s sign (Fig. 10.1 36). Deep palpation of the mas¬ 
toid processes indicates the patient’s pain threshold. Compare 
the patient’s pain response to palpation of the mastoid pro¬ 
cesses to the pain response to examination of the low back. The 
two of these pain sensitivities should be the same. 

Tenderness to skin pinch (Fig. 10.1 37). With a pen lay 
out specific spinal segments on the patient’s back. Then pinch 
the skin segment by segment, which should elicit pain in the 
pathway of the appropriate segment. If the patient complains of 
a generalized pain over many segments of the spinal nerve, 
symptoms are probably being exaggerated. 

MannkopPs sign (Fig. 10.138). Take the patient’s pulse 
prior to deep palpation of a painful area. Such deep palpation 
should increase the pulse approximately 10 bpm if it is a true 
marked pain. If palpation does not accentuate the pulse, the pa¬ 
tient may be exaggerating the symptoms. 

Burns’ bench sign (Fig. 10.139). Have the patient sit on a 
low stool and bend forward and touch the floor with the palms 
of the hands. If the patient claims not to be able to do this because 
of low back pain, suspect malingering, because flexion in this par¬ 
ticular posture will not affect the low back specifically. Primary 
motion occurs at the hip joints and not the lumbosacral spine. 

Flip test (Fig. 10.140). Have the patient sit on the exami¬ 
nation table with the back straight and legs extended. If truly 
suffering from a disc lesion compressing the sciatic nerve, the 
patient cannot perf orm this test and will have to flex the knee 
or raise the hip from the table in order to relieve the sciatic 
stretch. If the test can be performed, the patient probably has 
no true sciatica or disc lesion and is malingering. 
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Figure 10.136. Libman’s sign. 


Figure 10.139. Burns’ bench sign. 



Figure 10.137. Tenderness to skin pinch. 



Figure 10.138. Mannkopfs sign. 



Figure 10.140. Flip test. 



Figure 10.141. Plantar llexion test. 


Plantar flexion test (Fig. 10.141). Ask the patient to 
raise the legs one at a time until low back or leg pain is felt. 
Note the angle at which the pain is elicited, and ask the patient 
to lower the leg. Then place one hand under the patient’s knee 
and one under the patient’s foot and raise the lower extrem¬ 
ity, keeping the knee slightly flexed. Raise the leg to one half 
of the height at which pain was originally elicited and plantar 
flex the foot. If the patient says that this causes pain, suspect 
malingering. 


Flexed hip test (Fig. 10.142). Place one hand under the 
patient’s lumbar spine and the other under the patient’s knee. 
Lift the knee, and if the patient claims to feels pain in the low 
back before the lumbar spine moves, suspect malingering. 

Axial loading test (Fig. 1 0.143). Press the patient’s cra¬ 
nium in a downward position. The axial loading may elicit 
pain in the neck but should not elicit pain in the low back. 
Suspect malingering if the patient says pain is felt in the low 
back. 
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Figure 10.142. Flexed hip test. 


Rotation test of the shoulders and pelvis (Fig. 
10.144). Have the patient turn the shoulders to rotate the en¬ 
tire spine. If complaint is made of low back pain, suspect ma¬ 
lingering, because the patient is not truly moving the lumbar 
spine but rather is moving the spine from the thighs upward. 

CORRELATIVE DIAGNOSIS OF 
LOW BACK PAIN 

With the history and physical examination of the patient com¬ 
pleted, including radiographic examination, findings can now 
be correlated. 

Cox Clinical Classification of Low Back 
Pain Progression 

The Cox system classifies back pain into 1 5 categories. Low 
back pain, in both its cause and progression, is well suited to 
placement in one (or a combination) of these categories. A de¬ 
scription of each of these categories follows. 

Category I—Anulus Fibrosus Injury 

The patient with anulus fibrosus injury presents with the typi¬ 
cal low back pain syndrome (i.e., the patient is young and usu¬ 
ally on the first visit complains of low back pain fol lowing some 
flexion, twisting, or combined movement). LIsually no leg pain 
is noted and relief is obtained within a few days. This type of 
pain can recur with progressive worsening of symptoms. 

Clinically, the patient may present with muscle spasm, a loss 
of lordosis, and a positive Kemp’s sign, but with no findings on 
the straight leg raising test and no altered motor or sensory 
changes of the lower extremity. Any leg pain is transient and 
not subjectively severe. Radiographs may reveal no change of 
discal space and no signs of discogenic spondylosis. This patient 
responds well to distraction manipulation and is usually satis¬ 
fied with the clinical results. 

The patient in category I has undergone tearing, cracking, 
or severe sprain of the anular fibers, causing irritation of the sin- 
uvertebral nerve and resultant back pain. This patient is similar 
to the type I or type II patient described in the classifications of 
White and Panjabi and Charnley (31, 32). 





Figure 10.143. Axial loading test. 



Figure 10.144. Rotational test of the shoulders and pelvis. 
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Category II—Nuclear Bulge 

The patient with nuclear bulge presents with a worsening of 
low back pain and minimal leg pain. 

Clinically, the patient may have paresthesias of the lower ex¬ 
tremities but has no frankly altered deep reflexes. Findings in¬ 
clude minimal irritation of the nerve root into the lower ex¬ 
tremity, and demonstration of a more positive straight leg 
raising sign, Kemp’s sign, and other orthopaedic tests for early 
disc protrusion. Dejerine’s triad may increase the pain. Radi¬ 
ographs may show some early thinning of the disc space and 
discogenic and spondylitic changes, which may be minimal. 

With prolonged exacerbation of low back and leg symp¬ 
toms, the patient in category II requires a longer treatment pe¬ 
riod than does the patient in category I. At this stage, it is im¬ 
portant that the patient wear a lumbosacral support to stabilize 
the low back for healing. Sitting must be strictly avoided to re¬ 
duce the intradiscal pressure and allow the anulus to heal. Cox 
exercises to open the dorsal intervertebral disc space are most 
helpful at this time, and nutritional supplementation (Discat) 
may be incorporated into the treatment regimen. 

The patient in category II shows progression of the tears and 
cracks of the anulus found in the category I patient, with the nu¬ 
cleus pulposus bulging into these anular fibers and causing fur¬ 
ther irritation of the sinuvertebral nerve and early and minimal 
irritation of the nerve roots that exit from the cauda equina 
within the vertebral canal. 

Articular facets also become pain-producing entities be¬ 
cause of disruption of the articular cartilage and fibrous capsule 
and the subluxation resulting from the loss of normal mobility 
of the motion segment. With increased intradiscal pressure or 
anular disruption, this patient is analogous to the type II or type 
III patient of Charnley’s classification (32). 

Category III—Nuclear Protrusion 

The patient with frank nuclear protrusion may exhibit severe 
antalgia, marked lower extremity pain, and altered deep mo¬ 
tor and sensory abnormalities. 

Clinically, the patient demonstrates difficulty in straighten¬ 
ing from a flexed position and a marked loss of lumbar lordosis. 
Radiographic studies show antalgia and possible discal change. 

Depending on the medial or lateral relationship of the disc 
bulge to the nerve root, range of motion in the low back is 
markedly limited, and Kemp’s sign is definitely positive. 

The patient in category III requires prolonged treatment, and 
ambulation will be limited because of pain on weightbearing. It 
is mandatory that the patient wear a lumbosacral support and re¬ 
main recumbent. At the outset of treatment, two or three vis¬ 
its per day may be necessary for maximal relief from pain. This 
patient is similar to Charnley’s type IV classification (32). 

Category IV—Nuclear Prolapse 

The patient with nuclear prolapse primarily has lower extrem¬ 
ity pain with minimal or absent low back pain. Nuclear mater¬ 
ial has completely torn through the anulus and lies within the 
canal as a free fragment severely irritating the nerve root and 
perhaps the cauda equina. The patient may have bowel and 


bladder problems. The decision regarding surgical treatment is 
based on the clinical differential diagnosis. If the patient does 
not show a 50% improvement within 3 weeks, surgery be¬ 
comes imminent. This patient is analogous to Charnley’s type 
V or type VI classification (32). 

Category V—Discogenic Spondyloarthrosis 

The patient with discogenic spondyloarthrosis (chronic ad¬ 
vanced degenerative disc disease) has a history of intermittent 
low back pain (i.e., the patient is relatively free of pain except 
for acute exacerbations). The straight leg raising test is negative 
except for low back pain. Repeated motion of the spine, espe¬ 
cially rotatory movements, causes low back pain. The patient 
must exercise care when bending and lifting. This patient is 
analogous to Charnley’s type VII classification (32). 

Category VI—Facet Syndrome 

The patient with facet syndrome presents with hyperextension 
of the lumbar spine, which usually produces pain. Radiographs 
may well reveal a degenerative change of the facets, which fol¬ 
lows degenerative disc disease. Macnab’s line is positive. The 
work of Van Akkerveeken is important here to determine the 
stability of the facet syndrome. See Chapter 1 3, Facet Syndrome, 
for details on this diagnosis. 

Category VII—Spondylolisthesis 

Radiographic study is diagnostic in the patient with spondy¬ 
lolisthesis. See Chapter 14, Spondylolisthesis, for details on this 
diagnosis. 

Category VIII—Lumbar Spine Stenosis 

The patient with lumbar spine stenosis may present with symp¬ 
toms of neurogenic intermittent claudication. For a full expla¬ 
nation of lumbar spine stenosis, see Chapter 4, Spinal Stenosis. 

Category IX—Iatrogenic Back Pain 

The patient with iatrogenic back pain, caused by either myelo¬ 
grams or surgery, suffers from irritation to the neural contents 
of the vertebral canal. The irritation is perhaps sufficiently se¬ 
vere to cause cauda equina symptoms. These patients are the 
most challenging to treat because of the difficulty in pinpointing 
the diagnosis and the consequent difficulty in arranging proper 
treatment. Many of these patients are failed back surgery syn¬ 
drome (FBSS) patients whose biomechanics are so altered that 
relief from pain is difficult, if not impossible, to attain. 

Category X—Functional Low Back Pain 

The patient with functional low back pain often has personality 
aberrations and does not understand or will not understand the 
cause and treatment of low back pain. Sometimes emotional 
upset manifests itself through low back pain symptoms. Man¬ 
aging this type of patient is a challenge to both the surgeon and 
the nonsurgeon. 

Category XI—Sprain and Strain 

The patient with sprain or strain presents with an innocuous in¬ 
jury of nonrecurring frequency that seems to involve muscle 
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and ligament damage rather than discal or facetal damage. No 
nerve damage can he found. The pain may be present for sev¬ 
eral weeks following an athletic injury or automobile accident, 
but it is not chronic unless facet or disc damage has occurred. 

Treatment consists of maintaining normal range of facet 
motion, restriction of motion in the early stages of injury, and 
rehabilitative exercises later. 

Category XII—Subluxation 

When a patient with subluxation presents with back pain, note 
the level and type of subluxation (c.g., a right lateral flexion 
subluxation of L5 on SI). 

Category XIII—Tropism 

In the patient with tropism, the level of asymmetry of the facet 
facings is marked. For a full explanation, sec the discussion of 
tropism in Chapter 2, Biomechanics of the Lumbar Spine. 

Category XIV—Transitional Segment 

When a patient with transitional segment presents with back 
pain, ascertain whether there arc 2 3 or 25 spinal segments to 
determine whether the patient has lumbarization or sacraliza¬ 
tion. Sec Chapter 6, Transitional Segment , for details on this di¬ 
agnosis. 

Category XV—Pathologies 

Category XV is allowed for patients with any other pathology. 

Establishing the Correlative Diagnosis 

When the first three pages of the low back examination form 
(Table 10.7) are completed, the fourth page is used to arrive at 
a diagnosis within the 1 5 categories of low back pain causes just 
outlined. By following the “Flow ChartJor Correlative Diagnosis ,” 
findings arc combined into a meaningful diagnosis of the pa¬ 
tient’s problem. 

First, if the patient has sciatica, we use the algorithm at the 
top of the page entitled “Low Back and/or Leg Pain (Below 
Knee Diagnosis).” The dermatome involved, sciatic scoliosis, 
Dcjcrine triad, and leg pain intensity compared with the back 
pain are used to arrive at the side, type, and location of the disc 
protrusion to the nerve root compressed. The diagnosis will be 
either category III or IV disc lesion. Each of these findings has 
been covered in this chapter, so their meaning can be used to 
arrive at this clinical impression. 

Second, under “Low Back Pain (No Leg Pain Below Knee) 
Diagnosis,” the findings will flow into the other 1 3 categories 
of low back pain problems, as explained in this chapter or ex¬ 
plained in other chapters in this textbook. 

At the bottom of the last page is the “Correlative Diagnosis 
of Low Back Pain and Leg Pain.” Plere will be given the final di¬ 
agnosis of disc and nondisc causes of back problems. In the 
treatment chapters, the use of these correlative diagnoses to es¬ 
tablish the treatment regimen for the patient will be shown. 

An example of a diagnosis, following the examination and 
completing the flow chart, might be “L5—SI right medial disc 


protrusion with an unstable facet syndrome of L5 on the 
sacrum, a right lateral flexion subluxation of L5, and tropism 
of the L5—SI facet joints.” 

Re-evaluation of Patient Response to Care 

At least every 2 weeks after instituting distraction therapy, the 
patient’s progress is re-evaluated. The following objective tests 
are repeated at this re-evaluation: straight leg raise (recumbent 
and supine), range of motion, Kemp’s sign, deep tendon re¬ 
flexes, motor testing, sensory testing, Dejerine triad, pain on 
palpation, and prone lumbar flexion. Subjective scoring is done 
by Oswestry, Roland Morris, visual analogue scale (VAS), and 
the Quebec disability score. VAS is scored for each subjective 
symptom (i.e., low back pain, leg pain, groin pain, and so on). 
This objective and subjective scoring allows modification of 
treatment plans, resetting of therapy goals, and detailed mon¬ 
itoring of patient progress. 

SPECIAL DIAGNOSTIC CONSIDERATIONS 
Disc Pain Distribution 

The anulus fibrosus has nociceptive nerve endings in it (168), 
and therefore an anular tear can cause pain ref erral of purely 
discogcnic origin into the low back, buttock, sacroiliac region, 
and lower extremity even in the absence of neural compression 
(17,24). 

Facet Joint Pain Distribution 

The zygapophysial joints are well innervated, and facet arthro¬ 
pathy can cause low back pain and ref erred pain into the but¬ 
tocks and lower extremities. Classic facet syndrome pain is in 
the hip and buttock, with cramping leg pain primarily above the 
knee, low back stiffness (especially in the morning with inac¬ 
tivity), and the absence of paresthesia. Classic signs are local 
paravertebral tenderness, hyperextension back pain, and no 
neurologic or root tension signs with hip, buttock, or back pain 
on straight leg raising. 

Differentiating Disc from Facet 
Pain Distribution 

Differential diagnosis of lower extremity pain of disc versus 
facet includes the fact that facet pain rarely extends beyond the 
calf, usually only into the thigh, and not into the foot. Radicu¬ 
lar disc pain is potentially worse than back pain. In facet pain, 
the back pain is worse than the leg pain. Radicular pain is usu¬ 
ally accompanied by neurologic signs in disc lesions but not in 
facet problems (169, 170). 

Elevated Cerebrospinal Fluid Proteins 

The protein concentration in the cerebrospinal fluid (CSF) is 
often increased in patients with sciatica, probably because of 
plasma proteins leaking through the blood—nerve root barrier 
into the cerebrospinal fluid. Significantly higher values of the 
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CSF:serum albumin ratio and the CSF:serum immunoglobulin 
G ratios were found in patients with positive SLR test results 
and paresis compared with patients with no clinical findings. 
Elevated CSF proteins seem to be an important indicator of the 
functional status of the nerve root and a measure of the degree 
of seriousness of sciatica (86). 

Nerve root injury, as suggested by a positive straight leg 
raising test, appears to be ncurochcmically linked to altered 
CSF vasoactive intestinal peptide levels in patients with radic¬ 
ular pain symptoms caused by disc herniation and lumbar 
stenosis (171). 

Differentiating Recurrent Disc Herniation 
from Scar Formation 

Gradually increasing symptoms beginning a year or more after 
discectomy arc considered more likely caused by scar forma¬ 
tion, whereas a more abrupt onset at any interval after surgery 
is more likely caused by a recurrent herniated disc (172). 

Symptoms and signs that best distinguish between recurrent 
herniation and fibrosus are pain on coughing, a severely re¬ 
duced walking capacity, and a SLR test positive at less than 30°; 
the presence of two or more of these parameters was found in 
16 of 22 patients with recurrent herniation compared with 5 of 
1 8 patients with fibrosus (173). 

Pathologic Change in Sciatic Foramen as 
Cause of Sciatica 

Longstanding sciatic symptoms and signs should include patho¬ 
logic changes in the sacral foramen by benign and malignant 
neoplasms as well as infection. CT scanning should include the 
sciatic foramen in longstanding, undiagnosed sciatica (174). 

Dorsal Root Ganglion Compression 
Symptoms 

Dorsal root ganglion compression can result in myalgia and 
tendinitis symptoms into the lower extremities (175) as well as 
intermittent claudication, sciatica, and groin pain (176). 

Clinical Instability Defined 

White and Panjabi (31) state that a narrowed disc space with¬ 
out spondylosis is a sign of instability. Clinical instability is de¬ 
fined as the loss of the spine’s ability, under physiologic loads, 
to maintain normal relationships between vertebrae so that no 
damage and no subsequent limitation to the spinal cord or 
nerve roots occurs and no incapacitating def ormity or pain de¬ 
velops from structural change. 

Differentiating Contained from 
Noncontained Disc 

When a disc lesion is present, a differential diagnosis between 
protrusion and prolapse is necessary. The sudden onset of leg 


pain and absence of low back pain indicate prolapse (category 
IV), whereas low back pain followed later by leg pain indicates 
protrusion (category III). 

Sciatic Scoliosis Defines Disc Lesion Type 

Relief of pain on lateral flexion may indicate whether the disc pro¬ 
trusion is lateral or medial to the nerve root (21) (Fig. 10.145). 

Cervical Disc as Cause of Myofascitis and 
Leg Pain 

Cervical disc herniations have been reported to cause myofas¬ 
cial pain and altered deep reflexes in the lower extremities; the 
myofascial pain caused by this irritation ceased once the me¬ 
chanical cervical disc rubbing of the cord was surgically re¬ 
lieved (1 77). 

Leg Length Effect on Low Back Pain 

Leg length inequality alters gait ef ficiency and predisposes to 
low back pain and hip arthrosis (178). 

THORACIC DISC HERNIATIONS 
Pain on Side Opposite Herniation 

A 37-year-old hospice nurse was evaluated for left midthoracic 
pain, and an MRI revealed a large right-sided thoracic disc her¬ 
niation at T7-T8, with a moderate degree of cord compression. 

All signs and symptoms need not necessarily occur on the 
side of the lesion. Thoracic disc herniations can cause neural 
compromise by direct compression or by an indirect effect, 
secondary to arterial and venous thrombosis. The dentate liga¬ 
ments may also resist posterior displacement of the cord, lead¬ 
ing to traction and distortion of the neural structures (1 79). 

Thoracic disc herniations, which occur in less than 4% of all 
disc herniations, should be included in the differential diagno¬ 
sis of patients with paresthesias and weakness of the lower ex¬ 
tremities. Lip to 70% of thoracic disc herniations have been 
found to calcify compared with 4% of normal studies (180). 

Brennan (181) reported that thoracic disc herniation is un¬ 
common in adults, comprising only 0.25 to 0.75% of hernia¬ 
tions. Although it is extremely rare in children, he did present 
a paraparesis in an 1 1-year-old boy following minor trauma, 
which on MRI was found to be caused by to a T4-T5 small her¬ 
niation. The appearance was normal on myelography and CT. 
Laminectomy revealed disc material adherent to the dura with 
postsurgical need of left knee-ankle-foot orthosis at discharge. 

UPPER LUMBAR DISC HERNIATIONS— 
DIAGNOSTIC CHALLENGE 

Presentation, diagnosis, and outcomes of upper lumbar disc 
herniations (LI— L2, L2—L3, L3—L4) are variable and difficult. 
Preoperative signs and symptoms are highly variable, as are sen- 
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Figure 10.145. Sciatic scoliosis in a disc lesion. (Reprinted with permission from Finneson BF. Low 
Back Pain. 2nd ed. Philadelphia: JB Lippincott, 1980:302.) 


sory, motor, and reflex testing, which can be potentially mis¬ 
leading in suggesting a level of herniation. Sensory, motor, and 
reflex deficits are weak predictors of the level of disc herniation. 
In analyzing radiographic studies (noncontrast CT, myelogra¬ 
phy, MRI) individually and using other radiographic studies and 
operative findings as a standard for comparison, a high false-neg¬ 
ative rate is found for all studies when considered individually, 
especially at the higher L2—L3 level (182). 

Recommended is postmyelogram CT and/or MRI in the 
workup of these patients, and intraoperative radiographs in all 
cases of decompressing upper lumbar disc herniation. Consider 
the differential possibilities of retroperitoneal tumor or hem¬ 
orrhage, abdominal aortic aneurysm, diabetic femoral neu¬ 
ropathy, or lumbar plexopathy in the workup (182). 

The sensitivity ofCT scan at the L2—L3 level is 71% and at 
the L3- L4 level, 72%. For myelogram, the sensitivities are 
50% at the L2 L3 level and 80% at the L3—L4 level. The sen¬ 
sitivities of MRI were found to be 75% at the L2—L3 level and 
90% at the L3—L4 level (182). 

Noncompensation patients had a significantly higher percent¬ 
age of good or excellent results (86%) than those with compen¬ 
sation or legal claims pending (45% good or excellent results). 

Upper lumbar disc involvement, with or withoutthoracic disc 
pathology, may be higher than previously reported. Many pa¬ 
tients with upper disc pathology also have lower disc involve¬ 


ment, suggesting that upper disc pathology should be sought out 
in patients experiencing low back pain. The low level of suspicion 
continues to be the major difficulty in the diagnosis of thoracic 
spine disc pathology or high-level lumbar disc pathology (183). 

Crossed Femoral Nerve Stretch Sign 

A case is reported of L3 L4 far lateral disc herniation, in which 
the femoral stretching and crossed femoral stretching tests 
were positive. It is hypothesized that the crossed femoral 
stretching test may be a valid maneuver to help in the diagno¬ 
sis of symptomatic disc herniation above L4 (1 84). 

FAR LATERAL HERNIATED LUMBAR 
DISC HERNIATION 

Age and Level of Occurrence 

1 . Far lateral herniated nucleus pulposus (HNP) occurs in 
older individuals more often than docs the classic postero¬ 
lateral FINP. 

2. In far lateral disc herniations, 92% occur at L4— L5 or 
L3—L4, whereas 90% of posterolateral herniations occur at 
LT- L5 and L5—SI. 

3. When the patient is initially seen, a more proximal root in¬ 
volvement is seen compared with that in classic posterolat¬ 
eral HNP (185). 
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Location and Appearance of Foraminal 
Lumbar Disc Herniations 

Eighty-three patients were evaluated by CT and/or CT discog¬ 
raphy and operated on for foraminal lumbar disc herniation. 
Location and appearance of disc herniations are shown in Fig¬ 
ures 1 0.146—10.148. 

The reported incidence of foraminal disc herniation varies 
from 1 to 10%. Most far lateral disc herniations occur at the 
L3—L4 and L4—L5 levels, but in the study cited here, 3 5% of 
the patients had herniations at the L5 SI level (186). 

Clinical Picture of Foraminal Disc Herniation 

The clinical picture of foraminal disc herniation is somewhat 
different from that of the usual disc herniation, especially for 
neurologic signs of root compression. Biradicular symptoms 
and neurologic signs of root compression were more frequent 
with foraminal herniations. Radiculopathy severity has been ac¬ 
credited to direct contact of the herniation with the posterior 
root ganglion. Figure 10.149 shows the clinical findings ol 
foraminal disc herniation. 

Postoperative Results in Treatment of Foraminal Disc 
Herniation 

Postoperative results were good in 76% of the patients who re¬ 
ceived surgical treatment for foraminal disc herniation. The 
other patients felt mild residual radicular pain, although no resid¬ 
ual root compression was found on postoperative CT. Only 2 1% 
of the patients who had a radicular deficit recovered totally. 

Most foraminal lumbar disc herniations are reached through 
the interlaminar exposure extended to the upper lamina and 
medial facet without total facetectomy. An extra-articular ap¬ 
proach should be reserved for extraforaminal herniations. 

Foraminal herniations may be overlooked because of their 
low frequency among lumbar disc herniations and because even 
a moderate bulge of the disc may impinge the nerve root in the 
narrow space of the intervertebral foramen (1 86). 



Figure 10.146. Classification of lumbar herniated discs. (Reprinted 
with permission from Lejeunc JP, Hladky JP, Gotten A, et al. Foraminal 
lumbar disc herniation: experience with 83 patients. Spine 1994; 19(17): 
1905-1908.) 


Extraforaminal Disc Herniation 

Discography-CT was found to be accurate and useful in differ¬ 
entiating extraforaminal from foraminal lumbar disc hernia¬ 
tion, even when “state-of-the-art” neuroradiologic postmyelo- 
graphic CT failed. Because the lumbar nerve root sheath 
terminates near the dorsal root ganglion within the interverte¬ 
bral foramen, disc herniations lateral to this foramen escape 
myelographic recognition. An accurate preoperative diagnosis, 
established by discography-CT if necessary, followed by a min¬ 
imally invasive surgery is an effort to minimize surgical trauma 
and to expedite rehabilitation of the patient (187). 

Extraforaminal Disc Prolapse Can 
Masquerade As a Nerve Sheath Tumor 

A patient presented with an L3 radiculopathy in whom MRI 
demonstrated what appeared to be a nerve sheath tumor in an 
extraforaminal location on the L3 nerve root. A lateral inter- 



Figure 10.147. Computed tomography at the L3—L4 level shows 
foraminal disc herniation. (Reprinted with permission from Lcjcune JP, 
Hladky JP, Gotten A, ct al. Foraminal lumbar disc herniation: experience 
with 8 3 patients. Spine 1994; 19(17): 1905—1908.) 



Figure 10.148. Computed tomographic discography demonstrates 
contrast extravasation in the left L5 foramina. (Reprinted with permission 
from Lejeunc JP, Hladky JP, Cotten A, et al. Foraminal lumbar disc her¬ 
niation: experience with 83 patients. Spine 1994; 19( 17): 1905 1908.) 
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Clinical Findings in the Present Series of 83 
Foraminal Herniations Compared With a Series of 100 
Postorolateral Herniations 



No. of Patients 
Foraminal 

No. of Patients 
Posterolateral 

Biradicular symptoms 

34 

11 

Motor weakness 

40 

15 

Sensory impairment 

42 

29 

Total relief of radicular pain 

59 

86 


after surgery 


Figure 10.149. Clinical findings ol foraminal disc herniation. (Reprinted with permission from Lcjcunc 
JP, Hladkv JP, Cottcn A, ct al. Foraminal lumbar disc herniation: experience with 83 patients. Spine 
1994; 19(17): 1905-1908.) 


muscular approach was used to excise the lesion to preserve the 
facet joint. Histologic examination of the intraneural lesion re¬ 
vealed degenerative disc fragments. The structure of the anu- 
lus librosus in the upper lumbar region predisposes these re¬ 
gions to lateral herniation. Furthermore, it is proposed that the 
lateral disc herniation allowed the disc fragments to erode 
through the epincurium of the neural sheath. This case expands 
the differential diagnosis of fusiform enlargement of nerves to 
include disc herniation (188). 

Case 6 

A 36-year-old man suffered severe left anterior thigh pain of 1 
month's duration. Quadriceps weakness, absent patellar reflex, 
hypoesthesia on pinwheel of the anterior thigh, and agonal type 
pain causing the thigh and knee to be flexed and held to the chest 
for relief was observed. Sleep, ambulation, and work were im¬ 
possible. 

Figure 10.150 is a CT scan performed prior to my seeing this 
patient. It shows an L4-L5 left extraforaminal disc prolapse (ar¬ 
row). From this CT scan, surgery was recommended to remove 
the L4-L5 fragment. 

Severe pain and indecision on the patient's part prompted a 
second opinion from me. MRI was ordered to include the entire 
lumbar spine, whereas the former CT was done from L3-L4 to 
L5-S1 only. Figure 10.151 shows the L4-L5 intraforaminal and 
extraforaminal prolapse (arrow). 

However, in Figure 10.152, at the L2-L3 level (arrowhead) is 
shown a large free fragment located extraforaminally and lying 
within the osseoligamentous canal. Note that the dorsal root 
ganglion on the opposite side (arrow) is well visualized, whereas 
on the involved side it is obliterated by the disc fragment. 

Figure 10.153 is the sagittal image which was invaluable also. 
It shows the fragment within the L2-L3 canal, which is filling 
most of it (arrow). 

This case is a good example to teach the chiropractic physi¬ 
cian, or any other physician, to look carefully at all possible levels 
of the lumbar spine for the location of disc compression of nerve 
root or dorsal root ganglion. The femoral nerve root origin of the 
patient's pain could have been the L4-L5 disc prolapse com¬ 
pressing the L4 dorsal root ganglion and nerve root. In this case, 
surgery performed at the L4-L5 level would have resulted in a pa¬ 


tient not receiving relief of the left femoral radiculopathy with 
neurologic complications. Surgery to relieve the L2-L3 disc pro¬ 
lapse resulted in complete relief for this patient. 

Intradural Disc Herniation 

Intradural disc herniation is a rare disorder that occurs most of¬ 
ten at the L4-L5 level in middle-aged men. The symptoms are 
severe and generally follow an acute event such as lifting. Per¬ 
sons with previous spinal surgery are more at risk. The preop¬ 
erative diagnosis is difficult, and surgery is indicated to allevi¬ 
ate symptoms and relieve the neurologic defi cit (1 89). 

Thermography 

Supporters of thermography state that (a) normal patients have 
normal thermograms of their lower extremities, and ( b ) pa¬ 
tients with abnormalities (e.g., disc ruptures causing sciatica) 
have abnormal thermograms. The specificity of thermography 
(its ability to be negative in asymptomatic patients) was 45 and 
48% for testing thermographers. Thermography is not useful 
as a diagnostic aid in sciatica (190), although this is an area of 
controversy. 

Pressure Algometers 

Pressure algometers are instruments that measure the amount 
of force (pressure) that induces pain or discomfort. The mea¬ 
sure of pressure threshold (PTH) is simple and it can be ac¬ 
complished in a few minutes. First the patient is asked to point 
with one finger to where the maximal pain is felt. The exam¬ 
iner palpates the area with his or her fingertip to identify pre¬ 
cisely the maximal pain area—the most tender spot—and 
marks it. The meter is applied to this point, perpendicularly to 
the muscle surface, and the pressure is increased continuously 
at a rate of 1 kg/sec until the patient starts to feel pain. A 2 
kg/ cm 2 side-to-side difference in pressure threshold is consid¬ 
ered abnormal. 

Algometry assists the health practitioner in the crucial deci¬ 
sion, namely, how much pressure sensitivity is abnormal and 
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Figure 10.150. Computed tomography scan at the L4—L5 
level shows an extraforaminal fragment (arrow). 



Figure 10.151. Magnetic resonance image shows the 
L4-L5 extraforaminal fragment ( arrowhead ) as seen in the 
computed tomography scan shown in Figure 10.1 50. 



Figure 10.152. Axial magnetic resonance image at the 
L2—L3 level shows the left huge free fragment ( arrowhead ). 
Note the dorsal root ganglion on the opposite noninvolved 
right side is normal (arrow), whereas on the left involved side 
it is engulfed with the disc sequestration. 
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Figure 10.153. Sagittal magnetic resonance image shows the L2—L3 
foraminal disc fragment (arrow). 


how much is diagnostic of trigger points, tender points, fi¬ 
bromyalgia, and muscle and joint dysfunction. 

The tissue compliance meter (TCM) is a clinical mechanical 
instrument that consists of a force gauge ranging to 5 kg with a 
long shaft, which is fitted with a 1 cm 2 rubber disc. When the 
rubber disc is pressed into the examined tissue at a known force 
a disc fitted around the long shaft of a force gauge slides up in¬ 
dicating the depth of penetration, on a scale attached to the 
shaft. Normal values for TCM have been established and the re¬ 
liability and reproducibility of results have been proved. Mus¬ 
cle spasm has been defined as a sustained involuntary, usually 
painful contraction, that cannot be alleviated completely by 
voluntary effort. The tissue compliance meter is the only clin¬ 
ical method that can objectively document the presence of a 
soft tissue abnormality (191). 

Obturator Nerve Neuralgia 

Two cases of obturator neuralgia, both affecting LI roots by 
LI— L2 disc herniations were reported. LI root compression 
can induce obturator neuralgia, and disc herniation should be 
included in the cause of obturator nerve palsy and obturator 
neuralgia, a fact not previously reported (192). 


Piriformis Syndrome 

Sciatica could be caused by a piriformis syndrome. In 10% of 
people, the sciatic nerve passes between the two parts of the 
tendinous origin of the piriformis muscle and internal rotation 
of the thigh compresses the sciatic nerve (193). 


CASE PRESENTATIONS OF TYPICAL 
DIAGNOSES MADE USING AUTHOR'S 
EXAMINATION PROTOCOL 

L5-S1 Disc Prolapse Requiring 
Surgical Removal 

Case 7 

A 28-year-old, well developed white man was seen who had suf¬ 
fered from low back pain off and on over the last 2 years. He had 
been treated by a chiropractor and had some relief, but the pain 
had reached a point where treatment did not result in relief. The 
patient was examined by his family doctor, who prescribed pain 
pills. He consulted another chiropractor, who, on seeing his low 
back, left SI dermatome sciatica and severe antalgic lean with an 
accompanying limb, referred the patient to us. 

Examination revealed a positive Cox sign on the left at ap¬ 
proximately 30°. The patient walked with an obvious left limp, 
and the ankle jerk on the left was absent. Sensory examination 
revealed hypesthesia over the left SI dermatome into the small 
toe side of the foot. An outstanding finding in this patient was 



Figure 10.154. CT shows left disc protrusion of the LS—SI disc ( ar¬ 
row ) in a 28-year-old male with left SI dermatome sciatica, an absent an¬ 
kle reflex, and a marked right antalgic sciatic scoliosis. 



Figure 10.155. Another computed tomography cut at LS—SI shows 
L5 inferior body plate hyperostotic bone exostosis (arrow) narrowing the 
left lateral recess and intervertebral canal sagittal diameter. 
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the gluteal skyline sign, as the left buttock hung well over 2 
inches inferior to the right, with a marked flaccidity of the mus¬ 
cle on strength examination. Both the gluteus maximus and ham¬ 
string muscles were grade 4 of 5 strengths. 

Because of the marked motor loss, the severe pain to the pa¬ 
tient, the absent left ankle jerk, and the fact that prolonged chi¬ 
ropractic treatment had rendered no relief, the decision was 
made to send this patient for a CT scan (Fig. 10.154), which re¬ 
vealed a large L5-S1 disc protrusion on the left. An exostosis of 
bone on the left inferior L5 vertebral body plate was evident (Fig. 
10.155). 

Figure 10.156 shows the myelogram in the posteroanterior 
(PA) projection, and Figure 10.157 shows the oblique myelogram 
demonstrating the massive L5-S1 disc prolapse that is compress¬ 
ing the cauda equina and SI and S2 nerve roots. 

At surgery, this free fragment of disc material measured 3 cm 
by 1.5 cm. The patient had a good relief of sciatic pain and total 
return of motor power following this surgery. 


L4-L5 Disc Protrusion with Foot Drop 
Treated With Manipulation 

Case 8 

A 44-year-old woman was seen complaining of 4 days of deep 
low back and right hip pain, which started following a sneeze. 
She stated that she felt better the following day, but the day be¬ 
fore we examined her, she became markedly worse, and the pain 
radiated into the foot and into the sulcus of the toes. 

Examination revealed pain at the L4-S1 levels. The right but- 



Figure 10.156. Posteroanterior myelographic study of the computed 
tomography-scanned patient seen in Figures 10.154 and 10.155 shows 
the large left filling defect into the dye-filled subarachnoid space by the 
large disc protrusion at 1 .5 SI (arrow). 



Figure 10.157. Oblique myelogram shows the def ect into the myelo¬ 
graphic dye column (arrow) by the disc protrusion at L5—S1 . 


tock, thigh, and anterolateral leg were painful to palpation. The 
straight leg raising sign was positive at 50° on the right, and the 
right ankle jerk was absent. However, the history revealed that 1 5 
years previously this patient had had right sciatic pain and a rup¬ 
ture of the L5-S1 disc that had caused loss of the ankle jerk. 

The following day, the patient stated that she felt some relief 
in the right hip but that now the top of the foot had started to 
hurt. Three days later, the patient's condition had worsened until 
the SLR became positive on the right at 30°, with Braggard's ma¬ 
neuver positive. The left SLR was negative. Dorsiflexion weakness 
was now observed in the right great toe and foot at the ankle. 
The hamstring reflexes were +2 bilaterally. The ankle jerk on the 
right was still absent. The D£j£rine triad was negative. The patient 
now had no low back pain, only leg pain. 

Our impression 3 days following the first visit was that this pa¬ 
tient had an L4-L5 disc prolapse and perhaps an L5-S1 extreme lat¬ 
eral disc lesion. Because of this dilemma, a CT scan was ordered 
that day. Figures 10.158 and 10.159 show the CT scan. A large 
osteophytic spur was seen from the posterior central vertebral 
body plate into the vertebral canal at L5-S1 in Figure 10.158. The 
radiologistfeltthatthiswasaprobablecauseof the patient's symp¬ 
toms. The CT scan at the L4-L5 level did show a small disc asym¬ 
metric bulge on the right side (Fig. 10.159). Figures 10.160 and 
10.161 reveal small myelographic filling defects at the L4-L5 level. 

My impression was that the patient was suffering from an 
L4-L5 nuclear disc protrusion compressing the L5 nerve root 
causing radiculopathy into the right leg. The large osteophytic 
spur, in my evaluation, had probably been there for many years 
and was a result of an old anular irritation from the previous 
L5-S1 disc protrusion that had been treated years previously. We 
felt that the large osteophyte at the L5 level was really of no con¬ 
sequence at that time. 
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Figure 10.158. Axial computed tomography slice at the L5—SI level 
shows a right posterolateral hypertrophic spur into the lateral recess and 
vertebral canal (arrow). 



Figure 10.160. Myelogram postcroanterior view shows a minimal 
narrowing of the dye-filled subarachnoid space at the L4— L5 level (arrow). 



Figure 10.159. L4— L5 axial computed tomography slice shows a right 

central disc protrusion into the lateral recess (arrow). 



Figure 10.161. Left anterior oblique view reveals compression of the 
L5 nerve root by an L4— L5 disc protrusion (arrow). 
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Treatment was given consisting of flexion distraction at the 
L4-L5 disc level. Positive galvanism was applied over the L5-S1 
disc, as well as over the course of the sciatic nerve and the but¬ 
tock and popliteal space. Alternating hot and cold packs were ap¬ 
plied to the spine. 

This treatment resulted in gradual relief of the pain and the re¬ 
turn of dorsiflexion strength in the right leg. At 6 weeks, the pa¬ 
tient was able to walk on the heels and dorsiflex the great toe on 
the right. 

This case is an excellent example of one in which the doctor 
could be misled by the large osteophyte at the L5 level that really 
was of no pathologic significance to the patient's symptoms at 
that time. The osteophyte had been there for many years before 
the present complaints. It may also be that the degeneration of 
the L5-S1 disc had shifted the movement to the L4-L5 disc and 
it was now placed under enough stress to lead to the new anu- 
lar tearing and fresh disc bulge. 

This case also shows that careful clinical correlation of the ra¬ 
diographic and examination findings is absolutely necessary to ar- 
riveat the proper conclusions. Further, in a patient with foot drop, 
one must be especially cognizant of the compression of the L5 
nerve root. If this patient found the pain to continue for up to 1 
or 2 weeks, with progressive weakening on dorsiflexion, a refer¬ 
ral for a neurosurgical consultation would have been made. The 
doctor must be sensitive to the fact that dorsiflexion can be a per¬ 
manent impairment if allowed to prevail too long before the 
nerve root is decompressed. Such dorsiflexion problems may well 
be a source of medicolegal trouble to a doctor. A word on this 
certainly should be sufficient to make the doctor aware that a 
case with dorsiflexion weakness is a good case to observe very 
closely and to get a second opinion. 


L4-L5 Disc Prolapse Surgically Removed 

Case 9 

A 42-year-old single man, suffering from cerebral palsy, was seen 
complaining of low back and right leg pain with occasional pain 
into the left leg. This pain started 5 months previously following 
sleeping on a soft couch, after which he bent down to pick some¬ 
thing up and felt immediate back pain. Two months after the in¬ 
jury, he developed severe right leg pain and minimal left leg pain. 
Approximately 1 month later, an MRI was performed with a di¬ 
agnosis of an L4-L5 herniated disc and a possible L5 right herni¬ 
ated disc. He was treated with physical therapy for an additional 
3 weeks and then sought care at our office. 

Figure 10.162 is a picture of this patient standing upright, and 
Figure 10.163 is a PA radiograph showing the left antalgia of the 
thoracolumbar spine. When first seen, this patient was walking 
with a walker. 

Physical, orthopaedic, and neurologic examination results 
were as follows: There was inability to lie down for the SLR ex¬ 
amination. Ranges of motion were limited to 75° flexion, 0° right 
lateral flexion, 15° leftlateral flexion, and 25° extension. The right 
ankle reflex was +1 and the left was + 2, and the patellar reflexes 
were +2 bilaterally. Hypesthesia was present in the right SI der¬ 
matome. Two days later, when able to die down, the patient's SLR 
was positive on the right at 35° and on the left at 65°. 

This patient was placed on a treatment regimen that involved 
staying in our clinic and maintaining recumbency throughout the 
day to receive flexion-distraction treatment, and receiving physi¬ 
cal therapy in the form of positive galvanism into the L4-L5 and 
L5-S1 disc, acupressure point treatment, and alternating hot and 
cold packs to the low back and the right lower extremity. 



Figure 10.162. Lett sciatic scoliosis ot a patient with right sciatic 
radiculopathy. 



Figure 10.163. Lett sciatic scoliosis ot the spine ot the patient show- 
in Figure 10.1 62. 
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Figure 10.164. Axial computed tomography scan fails to reveal a de¬ 
finitive disc prolapse. 


Treatment did not yield 50% relief within 3 weeks of care, and 
a CT scan was then ordered on this patient (Fig. 10.164). This 
scan was interpreted as showing a possible L4-L5 disc herniation, 
and a myelogram was recommended for further evaluation. The 
myelogram in Figures 10.165 and 10.166 reveals an extremely 
large extradural defect at the L4-L5 posterior disc space that cre¬ 
ates a marked filling defect into the dye-filled subarachnoid 
space. A huge free fragment at the L4-L5 disc space on the right 
side which was underlying the L5 nerve root was surgically re¬ 
moved, and the patient had excellent relief of pain. 

Following relief of pain, a pelvic radiograph was taken to eval¬ 
uate femoral head height, because the patient continued to show 
a marked right short leg. This x-ray study (Fig. 10.167) reveals a 
30-mm short right femoral head. Figure 10.168 shows a 15-mm 
lift placed under the patient's short right leg, which actually is an 
overcorrection. Ultimately a 9-mm lift was placed under the right 
heel and sole, which leveled the femoral heads. This combination 
of treatment gave this patient total relief from his low back and 
sciatic pain. 


Extraforaminal Disc Prolapse Surgically 
Removed with Complications 

Case 10 

This case is from the records of David Taylor, DC, and it represents 
a case of the "far out syndrome" in which a free fragment of disc 
was found to have extruded into the intervertebral foramen on the 
left side. Figures 10.169 and 10.170 represent the PA and oblique 
views at the L4-L5 level following facetectomy to remove the free 
fragment of disc. Note that the left L4-L5 facets have been surgi¬ 
cally removed. It actually appears as if discitis had occurred follow¬ 
ing surgery, but certainly a left lateral flexion subluxation is seen 
with extreme vertebral body plate sclerosis and irregular outline of 
the inferior L4 and superior L5 vertebral body plates. Note the 
marked hyperostosis of the bone margins of L4 and L5. This patient 
still has extreme low back and leg pain following surgery. 

This is a good example of the removal of facets and the ac¬ 
companying collapse of the intervertebral disc on the side of facet 
removal. 



Figure 10.165. Posteroanterior myelogram reveals a large compres¬ 
sion filling defect of the cauda equina at the LA— L5 level (arrow). 



Disc Degeneration May Be Nutritional 

Case 11 


A 32-year-old woman has left first sacral dermatome sciatica. Figure 10.166. Lateral myelogram reveals llexion subluxation of L4 

Figures 10.171 and 10172 are sagittal T2-weighted and axial T1 on L5 with an anterior defect ol the dye-filled subarachnoid space (arrow). 
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Figure 10.167. The right femoral head is 30 mm inferior to the lelt on 
this upright Chamberlain’s view taken to evaluate leg length deficiency. 



Figure 10.168. A 1 S-mrn lilt under the right heel and sole levels the 
femoral heads. 


images showing both L4-L5 and L5-S1 discs to be hypointense 
on sagittal image. It has been stated that disc degeneration is also 
a systemic disease, meaning it has a nutritional basis, which could 
explain the multiple level disc degeneration so often seen as op¬ 
posed to single level degeneration. Perhaps the reason so many 
patients are seen with more than one disc showing degenerative 
change while only having one disc herniated, is because of the 
systemic lack of glycosaminoglycan coupled with the fact that the 
lower discs are required to perform the greatest degree of flexion 
and extension movement, while rotation movement seemingly 
places great stress on these discs as well. 

Figure 10.172 reveals a left central disc herniation that con¬ 
tacts the left SI nerve root and mildly contacts the thecal sac (ar¬ 
row). Again, the importance of this case is that it shows the de¬ 
generative change not of just the disc that is herniated, but rather 
the disc adjacent to it as well. It has long been felt that the in¬ 
creased stress on the adjacent disc by the shift of motion and 
stress by the degenerating disc leads to degeneration. However, 
we must be aware that disc disease is considered to be a systemic 
disease as well as a traumatic event of stress. 



Figure 10.169. The left L4 inferior facet and L5 superior facet have 
been removed to enable surgical removal of a f ree fragment of L4—L5 disc 
within the L4—L5 intervertebral canal. Note the surgical bone removal 
(arrow). L4 is in left lateral flexion subluxation. (Case courtesy of David 
Taylor, DC.) 



Figure 10.170. Note the marked loss of the L4—L5 disc space with ir¬ 
regularity of the opposing body plates having the appearance of discitis 
(arrow). 
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Figure 10.171. Note the loss of signal intensity of both the L5—SI and 
L4—L5 discs. 



Figure 10.172. Note the left central disc herniation at L5—SI (arrow). 



Figure 10.173. The L5—S1 disc shows loss of signal intensity, type I 
marrow changes of the L5 vertebral body, a large anterior disc hernia¬ 
tion, and a small posterior disc herniation. Anular irritation, as seen here, 
is documented to radiate pain into the groin, buttock, thigh, and flank. 



Figure 10.174. A small central L5-S1 disc herniation is seen on the 
sagittal image shown in Figure 10.17 3. 
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Anterior Disc Herniation As a Cause of 
Referred Pain 

Case 12 

Figures 10.173 and 10.174 are T1 -weighted sagittal and axial im¬ 
ages showing L5-S1 loss of signal intensity, a small posterior cen¬ 
tral disc herniation, and a large anterior herniation. Such anterior 
disc irritation can refer pain into the flank, groin, buttock, and 
thigh because of anular fiber irritation. 


Sequestered L5-S1 Fragment 
Conservatively Treated 

Case 13 

A 27-year-old insulin-dependent diabetic presented with right 
thigh pain extending to the knee in the distribution of the first 
sacral nerve root. No motor or sensory findings were seen and 
surgery was recommended to remove the L5-S1 disc herniation, 
but the patient chose conservative care. 

Figures 10.175 and 10.176 are sagittal T1-weighted MRI im¬ 
ages showing a large L5-S1 fragment, paracentral to the right 
side, which compresses the right first sacral nerve root (see arrow) 
on axial image. Note the extension of the free fragment posterior 
to the first sacral segment on sagittal view (arrow). 


Limbus Vertebra As Seen on Plain and 
MRI Imaging 

Case 14 

Figures 10.177 and 10.178 show plain lateral x-ray imaging of an 
L3 anterosuperior plate ununited apophysis (arrow) with com¬ 
parison of Figure 10.178 showing the trapezoid shaped defect 
filled with disc intensity material (arrow) on sagittal MRI image. 
This is the discal invagination of the apophysis and replacement 
of the vertebral body because of apophyseal failure to develop. 
Also note the Schmorl's nodes into the inferior L3 vertebral end 




Figure 10.176. Note the large Free fragment of L5-S1 disc material 
lying within the right posterolateral vertebral canal, compressing the 
right first sacral nerve root (arrow). 



Figure 10.175. Note the large f ree fragment of L5-S1 disc material 
lying posterior to the first sacral body (arrow). 


Figure 10.177. Plain x-ray film shows the anterior limbus vertebra at 
L3 (arrow). 
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Figure 10.178. Magnetic resonance image shows the appearance of 
the limbus vertebra (arrow). Also note the appearance of the L3—L4 
Schmorl node delects that are not appreciated on plain x-ray study. 



Figure 10.179. Right lateral flexion showing the left LB accessory rib 
and its articulation with the L4 transverse process as a pseudoarticulation. 


plate and superior end plate of L4 ( arrowheads ); these are not ap¬ 
preciated on the plain x-ray film in Figure 10.177. Also note the 
L4-L5 level stenosis formed by the posterior ligamentum flavum 
thickening and the posterior disc protrusion. 

Lumbar Rib 

Case 15 

Figures 10.179 and 10.180 are right and left lateral bending 
studies of an accessory rib between the L3 and L4 lumbar trans¬ 
verse processes on the left side. Note also the movement of 
the pseudoarticulation of the rib with the L4 transverse pro¬ 
cess. Little wonder that this patient experienced much pain on 
motion. 

Developmentally Enlarged L5-S1 Foramen 

Case 16 

Figure 10.181 is a lateral plain x-ray study showing an enlarged 
L5-S1 osseoligamentous canal that extends posteriorly into the 
lamina of L5 and the facet and lamina of the sacrum. The poste¬ 
rior L5 vertebral body is not viewed completely and a semilunar 
appearing posterior border suggests an erosive effect. The total 
canal measures more than 3 cm in diameter. 

Figure 10.182 is an enhanced sagittal MRI image showing the 
L4 and L5 nerve roots to be well visualized within the enlarged 
canal. The canal has definitive margins and no sign of signal 
change indicative of bone hyperintensity or hypointensity. Final 
diagnosis was an anomalous formation of the osseoligamentous 
canal at L5-S1, which was of no clinical significance. 



Figure 10.180. Note the accessory rib from Figure 1 0.1 79 showing 
motion at the L4 pseudoarticulation. 
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Figure 10.181. Plain lateral x-ray study shows enlargement of the L5—Si 
intervertebral osscoligamentous canal that extends posteriorly into the lam¬ 
ina of L5 and sacrum with a semilunar appearance ol the L5 posterior verte¬ 
bral body. This suggests an erosive del cct measuring in excess ol 3 cm. 



Figure 10.182. Magnetic resonance image with enhancement shows 
the L4 and L5 nerve roots to be well-visualized within the abnormallv en- 

J 

larged canal. 


PATHOLOGIC CAUSES OF LOW BACK PAIN 
AND SCIATICA 

The chiropractor is confronted with patients whose low back 
pain and leg pain are caused by organic diseases. These cases 
must be diagnosed and referred for proper comanagement. Ex¬ 
amples of such conditions diagnosed in chiropractors’ clinics 
will be presented. 

Ependymoma 

Figure 10.183 is a T1 -weighted sagittal enhanced MRI image 
showing spinal cord widening with a hyperintense mass below 
the conus medullaris of a 21-year-old woman with low back 
pain and gait disturbance. Her symptoms had been considered 
somatoform prior to this MRI study. Surgery confirmed this to 
be an ependymoma. 

Staghorn Calculus of Kidney 

Figure 10.1 84 shows a large staghorn calculus within the col¬ 
lecting system and pelvis of the left kidney, which was produc¬ 
ing pain in this patient. 

Paget's Disease 

Figure 10.185 shows the mixed lytic and Elastic changes within 
the bones of the pelvis with right-sided thickening and sclero¬ 
sis of the pelvic brim (arrow). Also note that the fourth lumbar 
vertebral body is expanded and appears sclerotic, which is 
commonly seen in Paget’s disease. 



Figure 10.183. Epcnd ymoma. 
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Figure 10.184. Stagh orn calculus. 



Figure 10.185. Paget’ s disease. 


This pathology can be treated with chiropractic adjustment 
using low force distraction, always carefully testing the pa¬ 
tient’s tolerance before applying the manipulation. 

Facet Fracture 

After a fall, a patient was found to have a fracture through the 
left 1.4 inferior facet. See the arrows in Figures 10.186 and 
10.187. 


Forestier's Disease 

Diffuse idiopathic skeletal hyperostosis, or Forestier’s disease 
is a condition is seen in 6 to 28% of autopsies with a ratio of 
men to women of 2:1, it is found mostly in whites and rarely 
in blacks. High percentages of these patients (30%) have dia¬ 
betes mellitus. Morning stiffness, which dissipates within an 
hour but recurs later in the day, is typical. 

Figures 10.188 to 10.190 show the preserved disc spaces 
with the flowing “candle wax” calcification along the anterolat¬ 
eral aspects of many vertebral bodies ( arrowheads ), which is typ¬ 
ical of this condition. Note the preservation of the facet joint 
spaces (arrows). The sacroiliac joints show no erosion, sclerosis, 
or fusion. Because the posterior elements of the spine were not 
af fected, the patient had good range of motion. Also note the 
thin radiolucent line separating the vertebral body from the cal¬ 
cification anterior to it (arrow on oblique view). 

Figures 10.191 and 10.192 show the irregular, thick calcifi¬ 
cation anteriorly and laterally to the vertebral bodies of L4 and 



* 


Figure 10.186. Fracture oi the left L4 inferior facet (arrowhead). 





1 


Figure 10.187. oblique view of Figure 10.186 showing the facet frac¬ 
ture (arrowhead). 
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Figure 10.188. Anteroposterior lumbar spine radiograph showing the 
flowing “candlewax” calcification of the anterolateral aspects of the ver¬ 
tebral bodies at the anterior ligament ( arrowhead). 




Figure 10.190. Note the preserved facet joint spaces ( arrows) and the 
radioluccnt thin line separating the vertebral body from the calcification 
anterior to it (arrow). The high anterior ossified ligament is noted ( arrow¬ 
heads ). 



Figure 10.191. Computed tomography scan shows the thick, irregu¬ 
lar calcification of the anterior ligament at the L5—SI level (arrow). 


Figure 10.189. Lateral radiograph showing the preserved disc spaces 
and anterior flowing calcification of the anterior ligament (arrowheads). 
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Figure 10.192. Computed tomography scan shows the same changes 
at the L4—L5 levels as seen at L5—S1 in Figure 10.191 (arrow). 



Figure 10.193. Computed tomography scan ot the huge cervical spine 
anterior ligament hyperostosis that caused dysphagia in this patient. 


L5 (arrows). Figure 10.193 shows the marked hyperostosis of the 
anterior cervical spine that caused dysphagia for this patient. 

Treatment for these patients is range of motion adjusting af¬ 
ter carefully testing for tolerance to the technique. Because the 
posterior elements are spared from fusion, motion can be 
elicited, often to the relief of the patient. Forceful adjusting is 
not tolerated by these patients, but distraction adjusting with 
lateral flexion, rotation, and circumduction motions gently ap¬ 
plied is tolerated and helpful. 


Hemangioma 

Hemangiomas are benign neoplasms often seen incidentally on 
routine plain x-ray films and MRI studies. Most commonly they 
are solitary lesions, but they can be multiple and vary in size 
from small areas to total vertebral body involvement (Fig. 
10.194). They can expand also beyond the confines of the ver¬ 
tebral body and even extrude into and compromise the spinal 
canal. They can weaken a vertebra and result in compression 
fracture, although this is uncommon (194). An autopsy study 
showed them to occur in 1 1% of patients (195). 

Hemangiomas appear as hyperintense on both Tl- and T2- 
weighted MRI images, which is explained by the mixture of an¬ 
giomatous tissue and adipose tissue between the prominent tra¬ 
beculae. The fat content accounts for the high-intensity Tl 
signal (1 96). 


Ankylosing Spondylitis 

A 19-year-old man complained of low back pain and stiffness, 
which was progressive for a 3-year period. Figures 10.195 and 
10.196 were originally read as normal by a radiologist except 
for mention of loss of definition and increased sclerosis of the 
sacroiliac joints bilaterally. 

Closer reading of these x-rays films shows missed informa¬ 
tion. Laboratory HLA-B-27 testing was positive and the im¬ 
pressions of psoriatic arthropathy, Reiter’s syndrome, and 
more remotely rheumatoid arthritis were ruled out in favor of 
the diagnosis of ankylosing spondylitis. A lesson from this case 
is do not trust reports coming to you until you check the details 
of the study yourself . The overlooked subtle syndesmophyte 
also helped lead to the proper diagnosis of this case. 
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Unilateral Spondylolysis with Multilevel 
Spinal Stenosis 

A 69-year-old woman is advised to have decompression sur¬ 
gery at the L3—L4 and L4- L5 levels to remove a disc protru¬ 
sion, hypertrophic bone formation, and ligamentum llavum hy¬ 
pertrophy that had combined to form spinal stenosis at both 
lumbar levels, resulting in low back and leg pain. The patient 
chose chiropractic care first. Figure 10.197 shows L4—L5 left 
posterolateral disc protrusion and fragmentation (arrow) and bi¬ 
lateral ligamentum flavum thickening ( arrowheads ), which com¬ 
bined to form stenosis. Facet arthrosis is also noted. Figure 
1 0.1 98 at the L3—L4 level shows left facet hypertrophy ( arrow¬ 
head ) and posterolateral bone plate hypertrophy, creating 
spinal and canal stenosis. Figure 10.1 99 shows left L5 unilateral 
spondylolysis, which I feel caused instability and added stress to 
the stenotic changes at the superior two levels. 


Figure 10.196. Oblique view of Figure 10.195 showing syndesmo¬ 
phyte formation at the L3 1.4 and L4- L5 levels (arrows). 


Figure 10.198. Computed tomography scan shows L3-L4 level steno 
sis caused by lacet arthrosis (arrowhead) and posterolateral end plate hy 
pertrophic changes (arrow). 








Figure 10.197. Computed tomography scan shows L4-L5 level spinal 
stenosis caused hy ligamentum llavum hypertrophy ( arrowhead ) and left 
posterolateral disc herniation (arrow). 


Figure 10.195. Ankvlosing spondylitis. Note the left L3— L4 syn- 
desmophvte formation (arrow) and the sacroiliac irregularity, widening 
joint space, and sclerosis (j/twa). 


T03IOH 
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Figure 10.199. Computed tomography at L5—SI shows left unilateral 
spondylolysis (arrow), an area ol instability. 


Treatment consisting of distraction manipulation, positive 
galvanism and heat, tetanizing current and ice, followed again 
by heat and acupressure point therapy resulted in good relief of 
this patient’s pain so that 2 1/ 2 weeks of daily care resulted in 
total relief of the leg pain, with only low back pain persisting. 
This is an example of conservative care accomplishing satisfac¬ 
tory relief of patient pain without surgical intervention. Some 
of these cases that appear to be so stenotic remarkably respond 
to basic conservative distraction adjusting. 


Undetermined Myopathy, Possible 
Muscular Dystrophy 

A 51 -year-old man complained of low back pain and bilateral 
leg pain with pain extending to the great toe on the left side and 
to the knee on the right. Blood triglycerides and creatine kinase 
were greatly elevated. See Figures 10.200—10.202, which are 
transaxial as well as coronal image sequences of the lumbar 
spine. Much unusual fatty replacement and muscle atrophy of 
the posterior back muscles is seen. See figure legends for the in¬ 
terpretation of findings. 

The Mayo clinic worked up this case but no final diagnosis 
was forthcoming other than a type of muscular dystrophy. 


Neurilemoma of Sciatic Nerve 

Tumors of the nerve sheath should be included in the differen¬ 
tial diagnosis of neurogenic pain in the lower extremity. MRI 
is probably the diagnostic modality of choice when a lesion of 
the sciatic nerve is suspected (197). 


Compartment Syndrome 

There are 46 compartments in the human body, 38 of which 
are located in the extremities where about 80% of compart¬ 
ment syndromes occur. A compartment is a space enclosed by 

incJastir Fascia. A compartment syndronic is defined as an 


increase in pressure within a myofascial compartment that 
compromises capillary flow and, subsequently, neuromuscular 
function. Two types of compartment syndrome are found 
(198): (a) acute type and (b) recurrent, exertional, or chronic 
type, a disorder that results in intermittent periods of high 
pressure in the compartmental area sufficient to cause ischemic 
pain and impaired neuromuscular function. 

The leg has traditionally been described as being composed of 
four compartments (e.g., anterior, lateral, superficial posterior, 
and the deep posterior). More recently, literature has added a 
fifth compartment, the posterior tibial. See Figure 10.203. 

In general, if tissue pressures rise within a compartment to 
30 to 40 mm Hg, capillary circulation can be compromised. 



Figure 10.200. Axial T1-weighted image at the midlumbar spine re¬ 
veals hyperintensity ol the erector spinae muscles, labeled on the image 
as / (multifidees), 2 (longissimus), 3 (iliocostalis), and 4 (quadratus lum- 
borum muscle). Compare the normal right quadratus lumborum muscle 
density with the hyperintense left side. 



Figure 10.201. Axial section ol the lower thoracic spine reveals rela¬ 
tive normointensity ol the multifidees muscles bilaterally (see number 1), 
whereas the longissimus muscles, shown at the number 2, reveal more 
normal intensity of the left side and hvperintensitv indicative ol lattv re¬ 
placement of muscle tissue on the right side. 











Chapter 10 Diagnosis of the Low Back and Leg Pain Patient 469 



Figure 10.202. This coronal section through the vertebral and ossc- 
oligamentous canals shows the dorsal root ganglia ( arrows ) located in- 
traspinally and intraforaminally in their course from the origin at the 
cauda equina to their exit at the outer limits of the osseoligamcntous 
canal. This is an informative study showing the location of the nerve roots 
and ganglion and their vulnerability to stenosis by disc herniation, facet 
arthrosis, or even ligamentum flavum hypertrophy. 



Figure 10.203. A d iagram depicting the five compartments of the 
lower leg (/, anterior; 2, lateral; 3, posterior tibial; 4, deep posterior; 
and 5, superficial posterior). The drawing was patterned after Bourne R, 
Rorabeck C. Compartment syndromes of the lower leg. Clin Orthop 
1989;240:98, (Reprinted with permission from Gcrow G, Matthews B, 
Jahn W, et al. Compartment syndrome and shin splints of the lower leg. 
J Manipulative Physiol Thcr 1993; 1 6(4):245-252.) 


Should this pressure remain elevated for extended periods of 
time, irreversible muscle and nerve injury can occur by capil¬ 
lary blood ischemia, producing an anoxia in the muscles and 
nerves in this region—the acute form of compartment syn¬ 
drome. 

The second variety of compartment syndrome, the chronic 
form, is more common and it is generally found in persons in 
their 20s who arc active athletes. Chronic compartment syn¬ 
drome is also known as recurrent, subacute, and exertional 
compartment syndrome, as well as intermittent claudication in 
athletes. The chronic anterior compartment syndrome is gen¬ 
erally a synonym for the anterior tibial syndrome (198). 

Shin Splint 

The anterior shin splint syndrome involves musculotendinous 
inflammation or injury to the dorsiflexors of the foot, includ¬ 
ing the tibialis anterior, extensor hallucis longus, and extensor 
digitorum longus. The most common cause of anterior leg pain 
is periostitis, followed in decreasing prevalence by chronic 
compartment syndrome and superficial peroneal nerve entrap¬ 
ment. The soleus syndrome, one type of posterior shin splint, 
is caused by unequal pull of fascia, which occurs when the foot 
is in the pronated position. 

Conservative management procedures in the treatment of 
acute shin splints include rest, physiotherapy, and cryother¬ 
apy. Microcurrcnt therapy and bracketing the involved region 
may also be of benefit. Once the acute phase is over, the fol¬ 
lowing treatment may be used: massage, heat, trigger point 
therapy, foot orthotics, heel cord stretching of the nonballis- 
tic variety, ultrasound, local heat, shoe modifications, alter¬ 
ations in training program, and taping procedures. The athlete 
should continue to be taped for 1 month after resuming activ¬ 
ity (198). 

Epidural Hematoma 

Spontaneous epidural hematoma can result from tearing of 
fragile epidural veins lying adjacent to the displaced anulus or 
nucleus (199). 

Figure 10.204 shows the intraosseous and extraosseous ver¬ 
tebral venous system of the lumbar spine. Abnormalities or 
pathologic change of this venous network may give rise to 
symptoms similar to or mimicking lumbar disc herniations or 
spinal stenosis. Figure 10.205 is from a thrombosed dilated 
epidural vein case (200). Figure 10.206 demonstrates the dif¬ 
ferential findings of epidural hematoma fr«m herniated disc 
material. 

The proposed mechanism for hematoma formation is that 
disc herniations obstruct the epidural venous flow leading to 
phlebothrombosis (201). With minimal neurologic findings, 
or evidence of an early resolution of the hematoma and neu¬ 
rologic deficits, a conservative, nonoperative approach to 
therapy may be indicated (202). There should be an awareness 
of a possible link between aspirin and spinal epidural 
hematoma (203). 
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Figure 10.204. Axial illustration ol the epidural venous plexus system 
ol the lumbar spine. Note the intimate relationship with the overlying el¬ 
ements ol the cauda equina and nerve roots. Elements ol the venous net¬ 
work include the basivertebral vein (BE), the anterior internal vertebral 
veins (Al I T), the supra- and infrapcdiculatc radicular veins (SPV, IP K), the 
ascending lumbar veins (4ZE), and the lumbar segmental veins (Z.SE), 
which drain into the interior vena cava (/EC). (Reprinted with permission 
from Hanley EN, Howard BH, Brigham CD, et al. Lumbar epidural varix 
as a cause of radiculopathy. Spine 1994; 19(18):21 22—21 26.) 


Lower Extremity Thrombus Prevention 
with Vena Cava Filter Screen 

A 64-ycar-old man is seen with a history of lower extremity 
blood clots that resulted in the filter screen placement in the 
inferior vena cava to prevent thrombus formation from reach¬ 
ing his heart. Although this is an unusual finding on lum¬ 
bosacral x-ray study, it is presented to alert the clinician to its 
anatomic location and physical features. See Figures 10.207 
and 10.208. 

Ligamentum Flavum Hematoma 

Few cases of hematoma in the ligamentum flavum causing 
lumbar root compression have been described (204). Two 
patients presenting with signs and symptoms suggestive of 
nerve root compression secondary to extradural masses were 
found to have ligamentum flavum hematomas (205). Such 
hematomas must be considered in the differential diagnosis 
in a patient with back or leg pain, especially when trivial 
trauma is involved. On MRI, a mass continuous with the 
ligamentum f lavum, compressing the dural sac and roots, is 
found. Removal of ligamentum flavum is the treatment of 
choice (204). 


Figure 10.205. A. Right parasagittal magnetic resonance 
image (MRI) T1 (TR500/TE1 1). Spin echo image demon¬ 
strates enlarged lumbar segmental vein with intraf oraminal 
extension (infrapediculate vein) intimately encasing the exit¬ 
ing nerve root. B. Coronal MRI spin echo T1 (TR750/TE1 2) 
with fat saturation after intravenous gadolinium. An en¬ 
hanced mass with a central low signal delect extends into the 
right foramen and into the dilated adjacent ascending lumbar 
vein. Slight medial mass effect is present on the thecal sac. 
C. Axial MRI spin echo T1 weights (TR750/TE1 3) with fat 
saturation after intravenous gadolinium. The right lumbar 
segmental vein is dilated with residual central thrombus. 
Slight asymmetry is seen in the anterior internal vertebral 
veins. D. Axial MRI spin echo T1 (TR750/TE1 3) image with 
fat saturation alter intravenous gadolinium. The anterior in¬ 
ternal vertebral vein is dilated on the right with residual free- 
floating thrombus. Moderate mass ef fect on the thecal sac and 
displacement ol the nerve root arc identified. (Reprinted 
with permission from Hanley EN, Howard BH, Brigham CD, 
ct al. Lumbar epidural varix as a cause of radiculopathy. Spine 
1994; 19(18): 2122—2126.) 
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Figure 10.206. Magnetic resonance images demonstrating 
degenerative disc disease at the L3—L4 level with central disc 
herniation (arrowheads). In addition, a ventral and right-sided 
epidural mass ( arrows ) is revealed, with an intensity different 
from that of the disc herniation. Left: Sagittal T1-weighted 
image (RT 700 msec, TE 1 5 msec). Center: Axial proton- 
densitv image (TR 2168 msec, TE 15 msec). Right: Sagittal 
T2-weightcd image (TR 2168 msec, TE 90 msec). (Reprinted 
with permission from Zimmerman GA, Weingartcn K, Lavyne 
MH. Symptomatic lumbar epidural varices: report ol two 
cases. J Neurosurg 1994;80:914-918.) 



Figure 10.207. I J arachutc hltcr screen placed in the inferior vena cava Figure 10.208. Lateral view of the filter shown in Figure 10.207. 

to prevent thrombus from reaching the heart. 


Sacral Tarlov Cysts 

Seventeen percent of patients undergoing myelography for the 
investigation of low back pain with radiculopathy show Tarlov 
cysts on myelography. A certain unknown percentage of which 
will cause symptoms such as sciatica or bowel and bladder dys¬ 
function. 

No significant difference was found in size between symp¬ 
tomatic and asymptomatic cysts in these patients. A striking 
disparity in the context of communication with the subarach¬ 
noid space is reported: five of five asymptomatic cysts were 
shown to communicate on MRI flow studies, whereas seven 
of seven symptomatic cysts were not shown to communicate 
(206). 

Cysts of the S3 nerve root have been reported in patients 


who complained of neurogenic bladder and perianal sensory 
disturbance as well as buttock pain (207). 

A case study of perineural cysts involved an 83-year-old 
woman complaining of low back pain and bilateral anterior 
thigh pain after a fall. Prior colon cancer resection 2 years pre¬ 
viously was reported. Range of motion of the thoracolumbar 
spine was impossible because of the pain, SLR was normal re¬ 
cumbent, Patrick signs were normal, and the deep tendon re¬ 
flexes of the lower extremity were +2 bilaterally and equal. 

Generalized osteopenia of bone was seen on plain x-ray film 
with a 50% compression of the L4 vertebral body anteriorly 
with preserved height posteriorly. Blood tests were negative 
for multiple myeloma or malignancy. 

Figure 10.209 is a T1 -weighted sagittal image showing 
relatively homogeneous decreased signal intensity of the L4 
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Figure 10.209. Sagittal T1-weighted image shows decreased density 
ol the L4 vertebral body that is homogeneous throughout. 



Figure 10.210 Sagittal T2-weighted image shows the signal intensity 
of the vertebral bodies and sacrum to be hyperintense and unremarkable. 
Note the small hemangioma ol the L3 vertebral body (arrows). At the ar¬ 
rows are shown perineural cysts (Tarlov cysts) appearing as hyperintensc 
on T2 weighting. These cysts involve the L4, L5, and sacral nerve roots. 



Figure 10.211. A T1 -weighted sagittal image showing the Tarlov per¬ 
ineural cysts as hvpointense areas ( arrows ) compared with the appearance 
ol the T2 images in Figure 10.210. 





Figure 10.212. Axial T1-weighted image shows the large perineural 
Tarlov cysts ( arrows ) within the lateral recesses ol the vertebral canal. 
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vertebral body, whereas a T2-weightcd image (Fig. 10.210) 
shows mildly hyperintense body signal. The L4 vertebral body 
changes were felt to be a benign compression fracture. Note 
the ectasia of the upper sacral nerve root sleeves incidental to 
perineural Tarlov cysts at the L4 and L5 and upper sacral lev¬ 
els shown on Figures 10.210—10.212. 

Treatment in this case was epidural blocks with steroid 
medication, which were not of benefit to the patient. Gentle 
flexion-distraction manipulation of the lumbar spine was given. 
Isometric contractions of the thigh and calf muscles to stimu¬ 
late circulation were instituted as she did develop lower ex¬ 
tremity swelling because of inactivity. Gradual relief of pain 
took place within 4 weeks of care. 

Conjoined Nerve Roots 

The thecal sac is the origin of lumbar nerve roots, with a nerve 
root exiting at the disc interspace, coursing downward and lat¬ 
erally to pass under the pedicle of a vertebra and exiting 
through the osseoligamentous canal at the level below the 
nerve root origin from the sac. In 1 to 2% of humans, instead 
of being individual nerve roots at each interspace, two nerve 
roots will join and exit at the same level. This is most com¬ 
monly seen at the L5—S1 level by a conjoined L5 and SI root, 
and, less commonly, at the L4 and L5 root level and the L3 and 
L4root level. 

The conjoined nerve root is a developmental abnormality in 
which two nerve roots arise together, sharing a common dural 
sleeve, and then separate within the vertebral canal in the lat¬ 
eral recess to exit through their own specific foramen. A trian¬ 


gular thecal sac extension may be seen on CT or MRI, suggest¬ 
ing a conjoined root. 

Computed tomography appearance of conjoined nerve roots 
is that of cerebrospinal fluid because the dural sac surrounds the 
conjoined roots. Other tissues such as disc herniation or disc se¬ 
questration would be more hyperintense than a conjoined nerve 
root. This finding is important in diagnosing conjoined nerve 
roots. Myelography can be beneficial as a contrast study show¬ 
ing both sleeves lying within the CSF-filled sheath (208 21 1). 

The significance of conjoined nerve roots is simply that two 
nerve roots lie within one sheath, and any irritation, such as a 
herniated disc, can cause intense pain for the patient. The dif¬ 
ferentiation of the density of a conjoined nerve root being more 
closely aligned with that of CSF is important to differentiate it 
from the more hyperintense changes of bone hypertrophy, 
herniated discs, or extruded discs. Figures 10.213 and 10.214 
are CT and MRI studies showing the characteristic findings of 
conjoined nerve roots. 

Tethered Cord 

The tethered cord refers to the conus medullaris being in a 
lower position than its usual T1 2—LI level and accompanied by 
a thick filum terminale (212). Tethered cord is occasionally 
seen as a solitary problem or associated with a lipoma or other 
dystrophic findings. Such dystrophic congenital neural tissue 
diseases as dermoid cysts, lipoma, diastematomyelia, or ter¬ 
atoma are included with the tethered cord. Tethered cord with 
lipoma is encountered in the lumbar spine in approximately 
33% tethered cord incidences. Although most common in chil- 



Figure 10.213. Conjoined root; characteristic computed 
tomography (CT) and magnetic resonance image (MRI) ap¬ 
pearance. Consecutive CT scans (A—D) of L5—SI demon¬ 
strate the classic conjoined root on the right. A. Ccphalad to 
the anulus, the triangular extension (arrow) from the sac fills 
the right recess. The L5 and SI roots are within this mass, 
which has the same CT density as the sac. B. The right L5 root 
has separated from the right SI root, which is still connected 
with the sac. C. Both right roots are separated; the L5 root is 
in the foramen and the SI root is still in the canal. The left SI 
root is emerging from the sac. D. The right L5 root (arrow) has 
just emerged from under the pedicle. Note the characteristic 
asymmetry of the two SI roots caused bv the usual emergence 

J J J O 

of a conjoined root at a point between the usual sites of origin 
of the two roots. (Reprinted with permission f rom Tcplick 
GJ. Lumbar Spine CT and MRI. Philadelphia: Lippincott- 
Raven, 1992:483-512.) 
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Figure 10.214. Conjoined root; characteristic computed 
tomography (CT) and magnetic resonance image (MRI) ap¬ 
pearance. The axial MRI scans (A—D) ol L5—SI correspond 
c losely to the CT scans in Figure 10.21 3 and clearly show the 
conjoined right root and its separation into the L5 and SI 
roots. Sagittal MRI scans arc inadequate lor demonstrating or 
diagnosing a conjoined root. (Reprinted with permission 
from Teplick CJ. Lumbar Spine CT and MRI. Philadelphia: 
I.ippincott-Raven, 1 992:483—51 2.) 



Figure 10.215. Tethered cord and hydromyelia magnetic 
resonance image. This young woman had an Arnold-Chiari 
malformation and callosal agenesis. A. The T1-weighted sagit¬ 
tal section shows the conus medullaris (large black arrow) ex¬ 
tending down to L3, a finding consistent with a tethered cord. 
A long, somewhat thickened posterior root (white arrows) is 
seen extending from the conus to the SI level. A low-signal lin¬ 
ear density (small black arrow) in the cord from LI to L2, which 
has a high signal on T2-weighted images, is characteristic of hy¬ 
dromyelia. B. An axial T1-weighted image of upper L2 shows 
the low signal fluid in the enlarged central canal (arrow) within 
the high-signal cord. MRI is clearly the best modality for imag¬ 
ing both tethered cord and hydromyelia. (Reprinted with per¬ 
mission from Teplick GJ. Lumbar Spine CT and MRI. 
Philadelphia: Lippincott-Raven, 1992:483—512.) 



dren, these conditions may be encountered in adults as well, 
especially when back or leg symptoms warrant an examination 
in which tethered cord may be discovered. 

Magnetic resonance imaging is the desired modality to study 
the conus medullaris and the disclosure of tethered cord. The 
position of the conus medullaris may be from the T12—LI level 
to L2 L3, whereas location of the conus from L3 or caudal is 
considered a tethered conus. Accompanying lipoma is easily di¬ 
agnosed from T1 and T2 images with the high signal on T1 and 
low signal on T2 image of fat (213—216). Figures 10.21 5— 
10.21 8 are tethered cord examples. 


Calcified Disc Herniation 

It is common to see calcification within a herniated nucleus pub 
posus, especially in children (217—219). Teplick (220) defines 
five major types of calcification within the disc herniation as 
seen on CT scan: 

1. Linear calcification representing partial calcification of a disc 
herniation, which may be calcification of the posterior lon¬ 
gitudinal ligament or anular material. 

2. Focal areas of calcification within a herniation, usually rep- 
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Figure 10.216. Magnetic resonance image of lumbosacral 
lipoma and tethered cord. Sagittal Tl- (A) and T2- (B) 
weighted images of a 40-year-old man show the spinal cord 
(high signal on Tl - and low signal on T2-wcightcd sections; 
small white arrows ) extending down to a large high-signal lipoma 
(black arrows) in the posterior canal that is displacing the sac an¬ 
teriorly f rom mid L4 to S1. The lipoma itself extends as high as 
L2—L3 ( arrowhead). The canal is greatly widened from L3—L4 
to S1 by the bulky lipoma. Note the typical decreased signal of 
the lipoma and other fatty tissue on the T2-weighted image (B). 
(Reprinted with permission from Teplick GJ. Lumbar Spine 
CTandMRI. Philadelphia: Lippincott-Ravcn, 1992:483—512.) 


Figure 10.217. Magnetic resonance image of lumbosacral 
lipoma and tethered cord. A and B. Sequential axial images of 
L4—L5 (C) and L5—SI (D) show the enlarged elongated canal 
and the large, somewhat irregular lipoma compressing the sac 
into the anterior canal (white arrow) and also extending itself 
intradurally into the sac (black arrows). The lipoma is clearly 
both intra and extradural. The extreme low position of the 
cord, the absence of anv clearly defined conus, and the 

1 J J 1 

intradural—extradural lipoma arc the characteristic findings in 
this condition. (Reprinted with permission from Teplick GJ. 
Lumbar Spine CT and MRL Philadelphia: Lippincott-Raven, 
1992:483-512.) 
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Figure 10.218. Magnetic resonance image of lumbosacral lipoma and tethered cord. (Reprinted with 
permission from Teplick GJ. Lumbar Spine CTand MRI. Philadelphia: Lippincott-Raven, 1992:48 3 512.) 


resenting a longstanding condition of more than a few 
months. 

3. Diffuse stippled calcification of a herniation, which occurs in 
a shorter period of time, perhaps days. Usually, these have 
corresponded to an acute onset of hack pain with trauma, 
and have occurred in young males in their teens. The mech¬ 
anism of this diffuse calcification is obscure. 

4. Dense calcification of an entire herniation, which is difficult 
to differentiate from dense hone hypertrophy. 

5. Calcified herniations associated with a calcified nucleus pul- 
posus. They are uncommon in the lumbar spine. They are 
more common in children within the cervical and thoracic 
spines; in adults, they are usually seen in the thoracic spine. 

It is important to note that CT may he necessary to differ¬ 
entiate calcification as MRI can confuse calcification with bone 
spur. MRI studies can fail to identify calcification (220). 

Figures 10.219 and 10.220 are examples of disc herniation 
calcification. 

Lateral Sacral Artery Aneurysm 

A young woman reportedly developed acute cauda equina syn¬ 
drome from a ruptured aneurysm of the lateral sacral arteries bi¬ 
laterally. Angiography and partial embolization of the vascular 
supply and contrast-enhanced high-resolution CT were essential 
in the diagnosis and treatment of this unique aneurysm (221). 


Snapping Hip 

The diagnostic test for a snapping hip is to extend the knee, and 
adduct and flex the hip. A snapping in the hip is a positive sign. 
The most common cause of snapping hip is a tight band in the 
fascia lata. This fibrosus commonly follows repeated intramus¬ 
cular injections of substances such as vitamins, antibiotics, and 
analgesics, either as treatment for chronic illness or because of 
drug abuse (222). 

Back Mouse 

The “back mouse” is a tender, fibrous, mobile, rubbery, size- 
altering, fatty subcutaneous nodule found in the lumbosacral 
area in up to 1 6% of people. “Back mice” are commonly found 
in people aged 25 to 65 years and in about 25% of women. 
These fat nodules are the result of herniations of fatty tissue 
through the neurovascular foramina from the deep fascia into 
the superficial fascia around the iliac crest and sacroiliac joints. 
They can cause local pain. The successful treatment is dry 
needling to reduce distention (22 3). 

Eosinophilia-Myalgia Syndrome 

Eosinophilia-myalgia syndrome (EMS), thought to be caused 
by ingestion of contaminated tryptophan products, is charac¬ 
terized by myalgias, arthralgias, and prominent peripheral 
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Figure 10.219. Calcified herniation; regression of hernia¬ 
tion; and disappearance of the calcification; computed tomog¬ 
raphy. A and B. Computed tomography scans through the an- 
ulus at L4—L5 disclose a calcified central-right herniation 
(arrows). The low back symptoms and radiculopathy improved 
rapidly with bed rest. C and D. Corresponding computed to¬ 
mography sections made about 4 months later show that the 
herniation has become smaller, but inexplicably the calcium in 
the herniation had completely disappeared.Computed tomog¬ 
raphy sections made 2 years later (not shown) disclosed that 
the herniation at L4--L5 has completely disappeared; no trace 
of calcification was seen. (Reprinted with permission from 
Teplick GJ. Lumbar Spine CT and MRI. Philadelphia: Lippin- 
cott-Raven, 1992:148.) 



Figure 10.220. Calcified herniated nucleus pulposus 
(HNP) at L5—SI : Computed tomography versus magnetic res¬ 
onance imaging (MRI) in two cases. A. Computed tomogra¬ 
phy of’L4~L5 shows a large central HNP (white arrow) that con¬ 
tains dense calcification (black arrow) on the contiguous 3 mm 
slice. B. The sagittal MRI section (proton density and T2- 
weighted) shows the herniation (arrows ), but the low-density 
border is not a conclusive finding for calcification. In these pa¬ 
tients, the CT was necessarv to conclusivclv demonstrate cal- 
cihcation. Awareness of calcification in a herniation is impor¬ 
tant if chemonucleolysis or percutaneous discectomy is being 
considered. In medicolegal litigation, a calcified herniation un¬ 
covered shortly (weeks or several months) af ter a traumatic 
episode is usually considered unrelated to the trauma. 
(Reprinted with permission from Teplick GJ. Lumbar Spine 
CT and MRI. Philadelphia: Lippincott-Ravcn, 1992:99.) 
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blood and tissue eosinophilia. Signs and symptoms include 
rash, dyspnea (often the presenting symptom), edema, neu¬ 
ropathy, leukocytosis, and elevated serum aldolase. 

As of February 1991, 1 543 cases had been reported from 
virtually every state and 28 deaths had occurred. The EMS 
outbreak resulted from the ingestion of a chemical con¬ 
stituent associated with specific practices used in the manu¬ 
facture of tryptophan at one Japanese firm, Showa Denko. 
Tryptophan has been prescribed for management of insom¬ 
nia, premenstrual syndrome, obsessive-compulsive behavior, 
and depression. The impurity may have resulted from the use 
of a new strain of organism, bacillus amyloliquefaciens strain V, 
and/or the use of less powdered carbon in the manufacturing 
process (224). 

Epidemiologic data, together with supportive results of 
studies in animals and rcchallcngcs of patients with EMS with 
nonimplicated 1.-tryptophan sources, provide evidence that 
virtually all cases of EMS in the United States were linked to L- 
tryptophan produced by a single Japanese supplier (225). 


Non-Hodgkin's Lymphoma of 
Epidural Space 


Two patients developed sciatica caused by non-Hodgkin’s lym¬ 
phoma involving the spinal epidural space. Systematic inves¬ 
tigation revealed no evidence of lymphoma in other sites. 
Non-Hodgkin’s lymphoma typically affects the central nervous 
system late in its course. Involvement of the central nervous 
system occurs in approximately 10% of all cases, with com¬ 
pression of the spinal cord being the most serious complication. 
Central nervous system involvement as a presenting feature of 
lymphoma is rare. Although rare, isolated extradural non- 
Hodgkin’s lymphoma should be considered in the differential 
diagnosis of sciatica (226). 


Malignant Melanoma 

Fifteen patients with symptomatic metastatic melanoma had 
severe back pain, and seven presented with neurologic find¬ 
ings. The interval between spinal involvement and death was 
5.9 months (227). 


Sarcoidosis 

The possibility of intramedullary sarcoidosis presenting as a tu¬ 
mor should be included in the differential diagnosis of mass le¬ 
sions of the spinal cord (228). 


Sickle-Shaped Ligament Compression 
of L5 Nerve 

Extraforaminal compression of the L5 nerve has been well 
documented. The lumbosacral ligament can cause this com¬ 
pression by entrapping the L5 nerve as it crosses over the 
sacral ala. The lumbosacral ligament was termed the “sickle¬ 


shaped ligament” by Danforth and Wilson in the original de¬ 
scription of this structure. Surgical release of the sickle-shaped 
ligament has been advocated by Wiltse via a posterior para- 
spinal approach (229). 

Obturator Internus Bursitis 

Irritation of the obturator internus bursa (OII3) is identified as 
a common but thus far overlooked focus of myofascial irri¬ 
tability in association with low back pain. 

In the maneuver that consists of a supine SLR test, with the 
affected extremity maximally adducted and internally rotated 
as the leg is straightened, the obturator internus and piriformis 
muscles arc supporting the limb both stretching and contract¬ 
ing. This maneuver may produce irritation of the sciatic nerve 
at its pelvic outlet and irritation of the obturator internus mus¬ 
cle, the obturator internus bursa, or the piriformis muscle. 

Tenderness in the anatomic locus of the obturator internus 
bursa, which presumably refl ects obturator internus bursitis, is a 
common accompaniment of low back pain, particularly low back 
pain in association with regional myofascial irritability (230). 


Intraneural Ganglion Cyst 

Intraneural ganglion cyst of the peroneal nerve, diagnosed by 
ultrasound, which also gives the exact definition of its size and 
location, has been confirmed at operation (2 31). 


Psoas Muscle Hematoma 

Hematomas of the psoas muscle are a frequent complication 
of anticoagulant treatments (7%). The particular feature of 
hematomas in this site concerns the associated neurologic com¬ 
plication of femoral nerve paralysis. Although femoral nerve 
paralysis generally resolves, three cases have been reported that 
emphasize the occasionally serious outcome of these femoral 
nerve lesions. In two of these patients, the motor deficit only 
partially recovered, and in the third, the hematoma led to fatal 
hemorrhagic shock (232). 


Subacute Bacterial Endocarditis 

One third to one half of all patients with bacterial endocarditis 
have arthralgia, arthritis, low back pain, and myalgias that typ¬ 
ically develop early, often preceding other manifestations of 
endocarditis. When musculoskeletal symptoms first appear, 
bacterial endocarditis would particularly be included in the dif¬ 
ferential diagnosis if the patient is older and has had a previously 
diagnosed heart murmur. Almost one third of patients with 
bacterial endocarditis have low back pain (233). 


Prostatic Cancer 

Although it is not a specific cause of sciatica, prostatic cancer 
can be implicated with low back pain and sciatica and deserves 
consideration in this section. Even with no treatment at all, less 
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than 10% of patients with localized disease die of it, and pa¬ 
tients with a low-grade tumor have an even better prognosis. 
Unfortunately, once prostate cancer spreads beyond the gland, 
progression and death can occur in a matter of a few months, 
despite treatment (234). 

Three tools for screening asymptomatic men have been 
proposed: digital rectal examination, prostate-specific antigen 
(PSA) determination, and transrectal ultrasound (234). In con¬ 
firmed cases of bony metastasis from a prostatic primary carci¬ 
noma, serum acid phosphatase levels are normal in 20 to 25% 
of patients (235). 

Figures 10.221 — 10.223 show an example of prostatic 
metastasis to bone in a 75-year-old patient with low back pain, 
left anterior and posterior lower extremity pain, and bilateral 
hip pain. Orchectomy had been performed for the prostate 
cancer and radiation treatment given for colorectal cancer. Fig¬ 
ure 10.224 is another example of a sacral vertical alar fracture. 

This patient was given chiropractic distraction adjustments, 
which relieved his lower extremity pain. Certainly, tolerance 
testing prior to manipulation as well as gentle technique was 
used; however, the case does illustrate the benefit of spinal ad¬ 
justments in patients with advanced pathologies as long as the 
techniques are adapted to the condition. 




Figure 10.221. Anteroposterior lumbar spine and pelvic radiograph 
shows decompression laminectomy of the L3 to L5 levels with os¬ 
teoblastic changes within the sacrum and right sacroiliac joint, indicating 
probable past radiation necrosis lor colorectal cancer and prostatic 
metastasis. Also note the vertical oriented fracture lines through the 
sacrum ( arrows ) and see the computed tomography scan in Figure 10.223 
for better observation of them. 


Figure 10.222. Lateral plain x-ray film shows the extensive disc de¬ 
generation and degenerative spondylolisthesis of L4 on L5 (arrow). 
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Figure 10.223. Computed tomography scan of the pelvis shows os¬ 
teoblastic and radiation necrosis changes of the sacrum and ilia ( arrow¬ 
heads ) as well as the vertical f racture line that parallels the sacroiliac joint 
on the right side (open arrow ) and a suggestion of one on the left that is not 
as well delineated. 


Polymyalgia Rheumatica 

The mean age of onset of polymyalgia rheumatica is 70 years, 
and the disease is unusual in persons under the age of 50. About 
twice as many women as men are affected. Polymyalgia rheu¬ 
matica is not a rare disorder. Prevalence has been estimated to 
be about 500 cases per 100,000 persons over the age of 50. 
Patients with polymyalgia rheumatica usually present with 
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Figure 10.224. Representsve computed tomography image through 
the first segment of the sacrum demonstrates a vertical right alar fracture 
(arrow) at window settings appropriate for hones. (Reprinted with per¬ 
mission from Lcroux JL, Denat B, Thomas E, et al. Sacral insufficiency 
fracture presenting as acute low hack pain. Spine 1993; 18( 16):2502— 
2506.) 

acute pain in the shoulder and hip girdle that lasts for several 
months. They feel systemically ill and have morning stiffness, oc¬ 
casional weight loss, fever, and malaise. Evidence may be seen of 
mild synovial inflammation in the large joints, and even a 
rheumatoid arthritislike pattern of joint involvement. Temporal 
arteritis most commonly presents with headache with polymyal¬ 
gia rheumatica. Pain is usually localized near the involved tem¬ 
poral artery, which may be tender to palpation and nodular (81). 

Diabetic Radiculopathy 

Diabetic radiculopathy commonly presents with severe unilat¬ 
eral pain of sudden onset that is usually located in the lower ex¬ 
tremity, frequently in the proximal segments. Occasionally, bi¬ 
lateral asymmetric pain may be observed. Weakness of hip or 
thigh muscles, decreased sensation and hypo or areflexia are 
commonly observed. The clinical picture can resemble that of 
high lumbar disc herniation. Electrodiagnostic and radiologic 
studies can help differentiate between the two conditions (236). 

Herpes Zoster Radiculopathy 

Motor neuron involvement can occur in 1 to 5% of patients, 
and along with the radicular distribution of pain, it can mimic 
other clinical conditions including disc herniation, tumor infil¬ 
tration, or infection. Urinary bladder involvementhas been de¬ 
scribed in a few cases (237), and the dorsal root ganglion has 
been involved as well. Cutaneous lesions may or may not be 
present (238). Radiating pain, paresthesia, and motor and sen¬ 
sory loss may be seen as the virus inflames the sensory ganglia 
and posterior gray matter of the spinal cord. The cutaneous le¬ 
sions of herpes may not be seen for 3 to 4 days after the onset 
of radicular symptoms. Early clues to diagnosing herpes are 
itching, burning, and tingling of the dermatome. Acute urinary 
retention may be present (239). 


Ganglion Cyst of Posterior Longitudinal 
Ligament 

Low back pain, bilateral L4 and L5 dermatome paresthesia, 
quadriceps weakness, and intermittent claudication occurred 
over a 2-year period in a 40-year-old man. CT showed a space- 
occupying, lobulated, gas-appearing lesion on the posterior 
wall of L3 vertebral body at the pedicular level (Fig. 10.225). 

A 0.8 cm 2 well-encapsulated gas-filled cyst arising from the 
lateral edge of the posterior longitudinal ligament next to the 
pedicle of L3 was surgically removed. A ganglion cyst should 
be included in the differential diagnosis of the space-occupying 
lesions in this area (240). 

Gas-Containing Lumbar Disc Herniation 

Figure 10.226 is from a patient with bilateral leg pain, shown 
by CT scan and surgery to be an L4—L5 gas-containing disc her¬ 
niation (241). 

Intradiscal gas is associated with tumors, infection, trauma, 
therapeutic and diagnostic spinal procedures, and disc degen¬ 
eration. The existence of gas within the spinal canal has been 
seen on 17 occasions of which 1 3 were associated with discal 
hernias (242). 

Spina Bifida Occulta 

Patients with spina bifida occulta (SBO)-Sl show a higher inci¬ 
dence of posterior disc herniation that can be explained by in¬ 
stability. Posterior disc herniation at L4—L5 or L5—SI can be 
expected in most patients older than 18 years with low back 
pain or sciatica associated with SBO-S1 (243). 

Endometriosis of Sciatic Nerve 
Causes Sciatica 

When a sciatica is closely related to menses, consider cyclic sci¬ 
atica resulting from endometrioma as a differential diagnosis 



Figure 10.225. A. A low-density cystic lesion was noted on the pos¬ 
terior wall ol the L3 vertebral body at the pedicular level. The density ol 
the cystic content was extremely low with the absorption coefficient ap¬ 
proximate to gas (arrow). B. The cyst was noted to be lobulated in the con¬ 
tiguous section (arrow). (Reprinted with permission Irom Lin RM, Wey 
KL, Tzcng CC. Gas-containing “ganglion” cyst of lumbar posterior longi¬ 
tudinal ligament at L3: case report. Spine 1993; 18( 16):2528 2532.) 
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Figure 10.226. Lumbar computed tomography scan shows a parame¬ 
dian bilobatc low-density region of gas collection on this axial view 
(arrows). This gas escaped from the intervertebral nucleus pulposus, 
where the phenomenon of “vacuum phenomenon” is fairly common. 
(Reprinted with permission from Pierpaolo L, Luciano M, Fabrizio P, ct 
al. Gas-containing lumbardischcrniation: a case reportandreviewof the 
literature. Spine 1993; 1 8( 16):253 3—25 36.) 

(244). Endometriosis of the sciatic nerve is rare, hut must he 
included in the differential diagnosis of sciatic mononeuro¬ 
pathies. MRI may permit a specific diagnosis of this unusual 
cause of sciatica hy showing a hemorrhagic mass in the region 
of the sciatic nerve (245). 

Epstein-Barr Virus as Cause of 
Lumbosacral Radiculopathy 

Six patients—five with lumbosacral radiculoplexopathy and 
one with femoral neuropathy—arc reported in whom the neu¬ 
rologic symptoms coincided with elevation of antibody titers to 
various Epstein-Barr virus antigens (246). 

Brown Tumor of Hyperparathyroidism 
Causes Sciatica 

The first manifestation of hyperparathyroidism was a unilateral 
intraspinal cystlike lesion adjacent to the lamina and facet joint 
at the L4—L5 level producing sciatica. Histologic examination 
revealed multinucleated giant cells suggesting a brown tumor 
(247). 

Cardiac Surgery as a Cause of Sciatica 

In approximately 1 3% of patients undergoing cardiac surgery 
damage occurs to the peripheral nerve structures, usually in the 
upper limb, and brachial plexus lesions account for almost one 
half the total. 

All the patients with sciatic nerve lesions had compromised 
blood flow through the femoral artery because of either an intra¬ 
aortic balloon pump or a femoral artery thrombosis (248). 


Posterior Apophyseal Ring Fracture 

Posterior apophyseal ring fracture (PARF) of the lumbar spine 
is an uncommon injury thought usually to occur in adolescence 
(Fig. 10.227). Patients present with low back pain or sciatica 
caused by disc protrusion at L4—L5 or L5—SI . This is felt to be 
caused by relative weakness of the osteocartilaginous junction 
and firm attachment of the anulus fibrosus by Sharpey’s fibers. 

Figure 10.227 is from a 20-year-old woman with bilateral 
sciatica. Although usually found in adolescents, it has been de¬ 
scribed often in adults. It can occur without trauma or even 
strenuous exercise (249). 

The radiologic appearances in young athletes with low back 
pain aged between 7 and 1 8 years were reviewed; 486 of 1 696 
patients had a total of 764 lumbar end plate lesions, 37(4.8%) 
of which arose from the posterior region of the lumbar end 
plate. In children and adolescents an end plate lesion appears to 
be caused by osteochondrosis of tissues that have been sub¬ 
jected to repetitive stress (250). 

Idiopathic Epidural Lipomatosis 

Pathologic overgrowth of epidural fat in the spinal canal has 
been described and reported almost exclusively in patients hav¬ 
ing long-term steroid treatment for a variety of clinical disor¬ 
ders. Idiopathic spinal epidural lipomatosis rarely is found in 
the absence of steroid treatment for obvious endocrinopathy. 

Spinal epidural lipomatosis is most commonly found in the 
thoracic region, producing spinal cord compression. The sec¬ 
ond most common region in which it is found is the lum¬ 
bosacral spine. For a patient with radicular pain or progressive 
paralysis who is obese, spinal epidural lipomatosis should be 
considered as a causative factor (251). 

Primary Nerve Sheath Tumor 

Nerve sheath tumors are the most common primary spinal tu¬ 
mors. In contrast, metastasis to the spinal nerve roots is rare. 
Metastatic tumors can clinically simulate other disease, and 
metastasis to spinal nerve roots can clinically mimic other dis¬ 
eases (252). 

Cystic Meningioma 

A 56-year-old hypertensive woman presented with low back 
pain of 3 week’s duration with radiation to both legs. She had 
been prescribed nonsteroidal anti-inflammatory drugs and 
muscle relaxants without relief . Over the week before admis¬ 
sion, she complained of worsening leg pain and weakness while 
walking. The deep tendon reflexes were decreased at the knees 
and absent at the ankles. Straight leg raising was limited to 45° 
bilaterally. The leading clinical diagnosis was a herniated nu¬ 
cleus pulposus (Fig. 10.228). 

The pathogenesis of cyst formation in meningiomas remains 
obscure. Postulated mechanisms include central necrosis and 
cystic degeneration, active secretion of fluid by tumor cells, 
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Figure 10.227. Posterior apophyseal ring f racture ( PARF ) at 
the center of the inf erior rim of L4. A. Lateral radiograph 
shows PARF (arrow) involving the inferior rim of L4. B and C. 
Computed tomography at the disc level (B) and above (C) 
show diffuse disc protrusion (arrow) and a large broad-based 
bone fragment protruding into the spinal canal from the cen¬ 
tral aspect of the posterior margin (arrow), respectively. 
(Reprinted with permission from Yang IK, Bahk YW, Choi 
KH, etal. Posterior lumbar apophyseal ring fractures: a report 
•f 20 cases. Neuroradiology 1994;36:45 3-455.) 





Figure 10.228. Cystic meningioma. A. A sagittal T2-weighted (2200/96) image showing a sharply de¬ 
lineated intradural lesion, with “capping” (arrows) on the superior and inferior aspect, at LI L2. B. A sagit¬ 
tal T1-weighted (650/ 1 1) image showing that the mass (arrowheads) gives a slightly higher signal than the 
cauda equina and a lower signal than the conus mcdullaris, which is displaced anteriorly (arrow). C. The 
T1-weighted image after intravenous diethylenetriamine pentaacetic acid (Gd-DTPA) showed a ring¬ 
enhancing mass with low signal cystic center. D. The axial contrast-enhanced T1 - weighted (750/ 1 5) im¬ 
age showing a well-defined enhancing ring (arrows) with a center of similar intensity to cerebrospinal fluid. 
E. A photomicrograph of the wall of the tumor showing whorls of meningiothelial cells with indistinct cell 
borders with intranuclear inclusions, characteristic of syncytial meningioma (hematoxylin and cosin mag¬ 
nification x29) (Reprinted with permission from Chvnn EW, Chvnn KY, DiGiacinto GV. Cystic lumbar 
meningioma presenting as a ring enhancing lesion on MRI. Ncuroradiology 1004; 36:460 461.) 
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and proliferating glial cells, evolutions of cerebral edema, and 
loculation of CSF (253). Sciatica can be the chief complaint of 
meningioma (254). 

Multiple Myeloma Diagnosed with MRI 

Multiple myeloma is a proliferation of malignant plasma cells 
that usually affects the bone marrow. The ability of MRI to de¬ 
pict changes in the bone marrow has been well documented. 
On T1-weighted images, 79% of the lesions were hypointense 
relative to muscle, and the remainder were hyperintense. MRI 
may be promising for assessing response to treatment, espe¬ 
cially in patients with nonsecretory myeloma (255). 

Baker's Cyst Compresses the Tibial Nerve 

Baker’s cysts, which are commonly found in severe polyarthri¬ 
tis, develop when strong positive pressures produced within 
the knee result in the rupture of the joint capsule, resulting in 
compression of the tibial nerve or the nerve to the medial belly 
of the gastrocnemius muscle (256). 

Acquired Immunodeficiency Syndrome in 
Acute Lumbosacral Polyradiculopathy 

Twenty-three patients with acquired immunodeficiency syn¬ 
drome (AIDS) had acute lumbosacral polyradiculopathy. Neuro¬ 
logic complications are common in patients with human immun¬ 
odeficiency virus (HIV) infection. Patients present with rapid 
progression of bilateral leg weakness that sometimes leads to 
paraplegia within several days. Leg areflexia, sphincter dysfunc¬ 
tion, and CSF abnormalities are early and frequent findings (257). 

Hamstring Muscle Scarring Entraps the 
Sciatic Nerve 

Hamstring muscle tearing at the ischial tuberosity can result in 
scarring that will encase the sciatic nerve causing motor and 
sensory changes in the lower extremity (258). 

Rheumatoid Arthritis 

Clinical Laboratory Testing 

Complete blood count, erythrocyte sedimentation rate and 
rheumatoid factor (RF) assay, and antinuclear antibody (ANA) 
assay are laboratory tests often used to evaluate patients with 
signs and symptoms compatible with rheumatoid arthritis 
(RA). Approximately 70% of patients with RA have positive 
test results for serum RF, a group of proteins that represent au¬ 
toantibodies of immunoglobulins IgG, IgA, or IgM isotope and 
react with autologous IgG. A strongly positive test result for RF 
(at a dilution of 1: 320 or above) helps to strengthen the initial 
suggestion of RA. Thirty to forty percent of older persons may 
have a weakly or moderately positive RF test result without 
manifesting any obvious clinical disorder. 

An ANA and chemistry profile are not essential for diagnos¬ 


ing RA, but they are useful for monitoring the patient s subse¬ 
quent progress and possible adverse reaction to various thera¬ 
peutic agents. Many patients with established RA have positive 
test results for the presence of ANA. 

Perinuclear antibodies have been found in about 78% of pa¬ 
tients with classic (IgM RF-positive, subcutaneous nodules) RA 
and in 40% of patients with IgM RF-negative RA (259). 

Methotrexate-induced Lymphoma When 
Treating Rheumatoid Arthritis 

Two patients with longstanding seropositive RA treated with 
oral methotrexate (MTX) developed large cell lymphoma of B 
cell phenotype. Epstein-Barr virus (EBV) was found within the 
malignant lymphoid cells. In both cases, the lymphoma was un¬ 
detectable several weeks after diagnostic biopsy followed by 
discontinuation of MTX. These observations suggest that, in 
patients with RA who develop an EBV-associatcd lymphopro- 
liferative disorder, a trial discontinuation of immunosuppres¬ 
sive agents may be warranted before chemotherapy is consid¬ 
ered. In addition, a need is seen for a heightened awareness of 
the development of lymphoma in this patient population (260). 

Abdominal Aneurysm 

A 5 8-year-old man presented with low back pain, and radi¬ 
ographs revealed an abdominal aneurysm. Note the calcific ex¬ 
pansion of the atherosclerotic abdominal aorta, measuring 4.5 
cm in diameter (normal is 1.75 to 3.0 cm) (Figs. 10.229 and 
10.230). Treatment consisted of surgical care. 



Figure 10.229. Left aortic expansion on anteroposterior view (arrow). 
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Figure 10.230. Arteriosclerotic expansion on oblique projection. ( Ar¬ 
row shows ancurvsm.) 

All physicians must he aware of the study (261) in England 
finding an abdominal aneurysm in 3% of those over 50 years of 
age, which caused death in 1 .5% of cases. In patients with other 
manifestations of arteriosclerosis, 9.5% have an abdominal 
aneurysm. Clinical examination may miss a third of them. Sta¬ 
tistics on untreated aneurysms show that hall of these patients 
were dead within 2 years and that 60 to 80% of those with 
symptoms lived only 1 year. Small aneurysms rupture and 
grow about 4 to 5 mm a year. 

Acute Aneurysm May Present as Femoral Neuropathy 

A leaking aneurysm may present as an acute femoral neuropa¬ 
thy from retroperitoneal compression of the femoral nerve 
roots (262). 

Surgery, as opposed to watchful waiting, is recommended 
for abdominal aneurysms less than 5 cm in diameter. Watchful 
waiting is generally favored for patients with a low risk of 
aneurysm rupture, including those with a an aneurysm less than 
4 cm in diameter. More accurate data concerning the rupture 
risk of abdominal aneurysms less than 5 cm are needed, which 
would improve clinical decision-making (263). 

Osteomyelitis of the L3-L4 Disc 

A 41 -year-old man complained of generalized lower back pain, 
especially on the left side from L3 to the sacroiliac region, ra¬ 
diating down the anterolateral left thigh and leg. Movement ag¬ 
gravated the pain, and rest relieved it. The patient presented 


with loss of lumbar lordosis and a mild left list of the thora¬ 
columbar spine. 

History revealed that the back pain first occurred when the 
patient was getting out of his car 1 8 days prior to seeking care. 
He had seen an osteopathic physician, who used manipulation, 
with no relief. A medical doctor prescribed Motrin and muscle 
relaxants, with no relief. 

Findings on chiropractic workup were left spinal tilt; loss of 
lumbar lordosis; positive Minor's, Bechterew’s, and Valsalva 
signs; pain on palpation over the L3—L4 left lumbar area; 
Kemp’s sign positive bilaterally; toe and heel weak normal; 
SLR positive at 45° for low back pain; Patrick’s sign positive for 
hip pain; and Gaenslen’s sign positive for low back pain. Deep 
tendon reflexes were +2 bilaterally, motor findings were nor¬ 
mal, and sensory examination was normal. 

The impression at the time was an L3—L4 disc protrusion 
with L4 dermatome paresthesia. Treatment with flexion- 
distraction manipulation and therapy gave relief . 

The patient then returned to weightlifting, and the pain 
worsened. A surgeon examined the patient and agreed with the 
diagnosis of a midline and left L3—L4 disc rupture. A myelo¬ 
gram was done which was indeterminate because of the sub¬ 
dural injection of the contrast media. A CT scan was done and 
interpreted as normal. Plain x-rays films were read as only 
showing minimal hypertrophic changes of the lower lumbar 
spine. A bone scan (Fig. 10.231) showed moderate uptake at 
the L3—F4 level. The patient was released from the hospital. 

Two weeks later, as the pain grew worse, the patient read¬ 
mitted himself to the hospital. His blood tests revealed a sedi¬ 
mentation rate of 1 16, and gram-positive cocci (Staphylococcus 
aureus) were cultured. A CT scan (Fig. 10.232) now showed 
destruction of the F3 and F4 vertebral body plates and cancel- 



Figure 10.231. Bone scan reveals increased uptake of the left L3—L4 
vertebral level (arrow). 
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lous hone with the loss of disc space. Figure 10.233 is the lat¬ 
eral view of the lumbar spine showing the L3—L4 disc space 
narrowing and the reactive periostitis of the opposing vertebral 
body plates indicative of infectious spondylitis. 

The final diagnosis was osteomyelitis of the L3 and L4 ver¬ 
tebrae and intervertebral disc. The patient responded well to 
antibiotic therapy and, after healing, underwent chiropractic 



Figure 10.232. Computed tomography scan shows destruction at the 
left L3 vertebral body with soft tissue swelling and bone density paraverte- 
brally into the soft tissues (arrow). (Case courtesy of Walter P. Kittle, DC.) 



Figure 10.233. Lateral projection reveals the same finding as in Fig¬ 
ure 10.232 (arrow). 


flexion-distraction manipulation because of persistent stiffness 
and pain. 

This case is a good example of how the symptoms and signs 
of an organic illness mimicked a disc lesion and misled several 
clinicians until the disease revealed itself. 

Congenital Hip Dislocation 

This 1 1 -year-old girl was seen because her gym teacher noted 
a strange gait pattern. Indeed, she had a “duck-waddle” gait. 
The pelvis appeared widened, and the lumbar spine appeared 
markedly lordotic. The abdomen protruded somewhat. The 
patient denied any problem in locomotion. 

Figures 10.234 and 10.235 are the anteroposterior and lat¬ 
eral hip projections revealing bilateral dislocation of the hips. 
The femoral heads rest against the lateral wall of the ilii. 

The cause of this condition is unknown, but it is known to 
involve several members of the same family. Females arc af¬ 
fected approximately 9:1 more than males, and the condition 
is especially prevalent in the Mediterranean countries, notably 
Italy. 

This is an unfortunate case of bilateral hip dislocations which 
was allowed to go undiagnosed until seen by a chiropractor. 

Spondylitis 

A 36-year-old woman complained of weakness of the left lower 
extremity. Figure 1 0.236 reveals a destructive bone and inter¬ 
vertebral disc lesion at the right T4-T5 level. Figure 10.237 is 
the CT scan, which reveals marked destruction of the T4 ver¬ 
tebral body and a large soft tissue abscess that proved to be tu¬ 
bercular spondylitis. 

This is a good case to alert one to organic causes of leg pain 
and weakness. 



Figure 10.234. Anteroposterior pelvic x-ray study shows bilateral hip 
dislocations. (Case courtesy of David Galkcn, DC.) 
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Figure 10.235. Frog-leg x-ray study of the pelvis shows bilateral hip 
dislocations. 


plain film, docs show some loss of the sharp cortical definition 
of the femoral head at its articulation with the acetabulum, and 
a decreased signal intensity in the superior aspect of both 
femoral heads. Some joint space narrowing may be seen on the 
MRI study and an irregularity of the cortical outline superior to 
the area of avascular necrosis. 

This condition is seen predominantly in men, usually in the 
fourth and fifth decade of life. Pain is the chief symptom, which 
begins around the hip or radiates into the thigh of knee joint. A 
limp may be associated with it, and a history of slight trauma or 
no trauma at all may be elicited. 

Mitchell et al. in 39 consecutive patients with avascular 
necrosis of the femoral head, representing 56 total hips, the 
condition to be caused by steroid administration in 31 of the pa¬ 
tients, ethanol abuse in 6, fracture dislocation of the hip in 1, 
therapeutic radiation for lymphoma in 1, and idiopathic in 17 
(264). 

The radiographic stages of avascular necrosis are defined by 
Steinberg et al. (265): 



Figure 10.236. A destructive bone and intervertebral disc lesion is 
noted at the left (arrow) T4—T5 level (tubercular spondylitis). (Case cour- 
tesv of Garv Gucbcrt, DC, DACBR.) 

j j 11 ' 

Avascular Necrosis of the Hips 

The following is a case of avascular necrosis of both femoral 
heads. Figure 10.238 reveals increased radiopacity at the su¬ 
perolateral weightbearing portions of both femoral heads, ap¬ 
pearing as a wedge-shaped area. The joint space appears well 
maintained. Figure 10.239 is an MRI study which, unlike the 


1. Normal radiographic findings. 

2. Cystic and/or sclerotic changes without subcortical lucency 
(crescent sign). 

3. Development of subchondral lucency and subchondral frac¬ 
ture, as evidenced by the crescent sign. 

4. Subchondral collapse, depicted as flattening of the femoral 
heads. 

5. Narrowing of the hip joint. 

Magnetic resonance imaging appears to be more sensitive 
than bone scans for allowing diagnosis of early avascular necro¬ 
sis. Pomeranz (266) would classify this case as a stage 2 avas¬ 
cular necrosis of the left hip joint. 



Figure 10.237. Computed tomography scan of the patient seen in Fig¬ 
ure 10.236 shows extensive vertebral body destruction and a large soft 
tissue abscess extending into the chest (arrow). 
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Treatment 

Avascular necrosis of the hip can he treated thorough debride¬ 
ment and cancellous hone grafting in young patients with stage 
2 or stage 3 disease that will delay, if not prevent, the progres¬ 
sion of osteoarthrosis and subsequent total hip arthroplasty 

(267) . Total hip replacement, regardless of intermittent treat¬ 
ment, seems to he the eventual outcome of this condition. 

Core decompression may he effective in symptomatic relief, 
hut is of no greater value than conservative management in pre¬ 
venting collapse in early osteonecrosis of the femoral head 

(268) . 

Disease progression was studied in the asymptomatic hip of 
19 patients with nontraumatic osteonecrosis and pain in the 
other hip who were followed for 5 years. Five were still asymp¬ 
tomatic and 14 had become painful. Less than half of the asymp- 



Figure 10.238. Both femoral heads show increased radiopacitv and 
cystic changes of the superolateral weight-bearing portions as a wedge- 
shaped area (arrows). The joint space is maintained. (Case courtesy of 
David Taylor, DC.) 



Figure 10.239. Magnetic resonance image shows marked signal in¬ 
tensity loss of both femoral heads (straight arrows ), with irregular cortical 
outline at the articular surface (curved arrows). 


tomatic hips with radiographic evidence of osteonecrosis de¬ 
veloped pain. This suggests a slow progression of the disease in 
nontraumatic osteonecrosis. Approximately 1.3 of asympto¬ 
matic hips that show initial radiographic involvement will have 
a total hip arthroplasty. A clinical question remains to whether 
the contralateral hip is truly free of disease or whether it 
escapes radiographic detection. A favorable outcome can he 
expected for most asymptomatic hips with normal findings on 
radiographic examination, which suggests routine use of diag¬ 
nostic tests (e.g., intraosseous manometry) and the need for 
operative treatment is not necessary. Whether early detection 
of MRI signal change in asymptomatic hips with normal radio- 
graph s will lead to improved outcomes remains to he deter¬ 
mined (269). 

Necrotic Material Percentage Determines 
Chance of Collapse 

The hypothesis that the extent of necrosis at the initial MRI pre¬ 
dicts the subsequent risk of collapse of the f emoral head in avas¬ 
cular necrosis was tested. The arc of the necrotic portion in the 
midcoronal image and that in the midsagittal image were used 
to quantify the extent of necrosis by the formula: 

(A/ISO) X (E/180) X 100 

A strong correlation was found between this index and the risk 
of collapse before and after adjustment for age, gender, stage, 
and treatment group. 

The index of necrotic extent was classified into three cate¬ 
gories according to the values calculated based on the formula 
given above: grade A, small necrosis, —33; grade B, medium 
necrosis, 34 to 66; and grade C, large necrosis, 67 to 1 00. Hips 
with necrosis of less than 30% fall into a low-risk group, and 
those with 30 to 40% in a moderate risk-group, and those with 
more than 40% in a high-risk group (270). 

The principal clinical problem with osteonecrosis is the seg¬ 
mental collapse of the femoral head. Spontaneous regression of 
the necrotic lesion in 14 (45%) of 3 1 hips with bandlike zones 
of necrosis showed incomplete regressive changes or returned 
to normal (271). 

Stress Fracture of Metatarsal Bone 

Figure 10.240 reveals a stress fracture of the second metatarsal 
bone. Note the osteodegenerative arthrosis of the first meta¬ 
carpal phalangeal joint, which is the result of past hallux valgus 
bunion surgery. Following the surgery, this patient had a limp 
that probably resulted in stress on the second metatarsal bone, 
leading to the eventual stress fracture and the callus formation 
that is now seen. This case is presented to alert us again to the 
possibility of a pathologic cause of low back, leg, or foot pain. 

Osteomyelitis 

Figure 10.241 shows a pelvic radiograph of a 6-year-old boy 
who had been hospitalized for the treatment of staphylococcal 
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Figure 10.240. The distal second metatarsal hone reveals callous for¬ 
mation of a stress f racture (straight arrow). Note the arthrotic degenera¬ 
tion of the first metatarsophalangeal joint following surgery for hallux 
valgus (curved arrow). 


Harrington Rod Fracture 

Figures 10.243 and 10.244 reveal a fracture of the Harrington 
rod at the junction of the ratchet and the remaining rod. 

This female patient had this rod placed in her spine approx¬ 
imately 8 years prior to this fracture. The fracture was identi¬ 
fied only on a routine chest x-ray study for an upper respiratory 
infection. The patient had no spinal symptoms caused by the 
fractured Harrington rod. 

Note that these rods typically fracture at an area of pseudo¬ 
arthrosis, meaning that the fusion of the scoliotic curve did not 
take place firmly at that level, placing more stress on the rod, 
with its eventual fracture. It is also again noted that this frac¬ 
ture usually occurs at the level of the junction of the ratchet sec¬ 
tion with the rest of the rod. 


Metastatic Carcinoma 

A 61 -year-old woman was seen complaining of low back pain. 
Radiographs of the lumbar spine (Figs. 10.245 and 10.246) re¬ 
veal the right L1 pedicle to be absent, with loss of the vertebral 
body height and increase in the sagittal diameter of the verte¬ 
bra. Also seen is some laceration in bone architecture, with ar¬ 
eas of radiolucency mixed with areas of increased opacity of 
bone, which probably represents compaction caused by com¬ 
pression change. Figure 1 0.247 is a spot film of the first lumbar 



Figure 10.241. A small radiolucent nidus in the femoral neck of a 6 
year-old hoy (arrow). 


pneumonia for 2 weeks prior to this study being taken. Noted 
is a radiolucent nidus somewhat surrounded by an area of ra- 
diopacity within the right femoral neck. 

Figure 10.242 reveals osteomyelitis; this study was taken 3 
weeks following that shown in Figure 10.241. Seen is a hema¬ 
togenous spread of the staphylococcal bacteria into the right fe¬ 
mur, which demonstrates how rapidly osteomyelitis can fulmi¬ 
nate. 



Figure 10.242. Full-blown osteomyelitis of the right femur shown in 
a radiograph taken 3 weeks following that in Figure 10.241. (Case cour¬ 
tesy of Gary Gucbert, DC, DACBR) 
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Figure 10.243. Fracture of a Harrington rod at the area of 
pseudoarthrosis in a scoliotic fusion. 




Figure 10.244. Lateral view of patient shown in Figure 10.243. 



Figure 10.245. Posteroanterior lumbar spine radiograph shows ab¬ 
sence of the right LI pedicle (“one-eyed jack” sign) with loss of height of 
the lumbar vertebral body on the right (arrow). 


Figure 10.246. Lateral projection reveals loss of bone architecture, 
irregular bone outline, and radioluccncy of bone of the first lumbar ver¬ 
tebral bodv. 
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Figure 10.247. Spot Him of patient shown in Figure 10.245. 


vertebra in postcroanterior position that reveals the change in 
the right first lumbar vertebral body and pedicle. 

History revealed that, 2 years prior to this onset of low back 
pain, the patient had a breast removed for carcinoma. 

Figure 10.248 is a CT scan through the first lumbar verte¬ 
bral body, which again reveals the alteration of bone architec¬ 
ture, with radiolucency throughout the vertebral body extend¬ 
ing into the right pedicle. Figure 10.249 is an MRI study that 
reveals not only the altered bone architecture but also the ex¬ 
tension of the posterior LI vertebral body into the vertebral 
canal, which is creating a stenotic change at that level. 

Treatment in this case consisted of radiation, and at last his¬ 
tory this patient had a remission of the malignancy. 


Normal Plain X-Ray Study of L2 Vertebral 
Body with Abnormal MRI of L2 

Figure 10.250 shows degenerative L3—L4 disc changes. Figure 
1 0.25 1 shows the same L3—L4 disc degeneration, and the infe¬ 
rior L2 vertebral plate reveals some nuclear invagination of its 
inferior body plate. Figure 1 0.252 shows a bone scan that was 
ordered since this patient continued to have night pain and un¬ 
remitting low back pain. Here is seen that the L2 vertebral 
body has increased uptake, as well as two sites on the left par- 
alumbar area that are felt to be within rib tissue. Figure 1 0.253 
is an MRI that shows the L2 vertebral body to have low Tl- 
weighted signal intensity in comparison to the adjacent verte¬ 
brae. The superior plate of L4 has a superior compression de¬ 


fect, a probable Schmorl’s node. Also seen is an abdominal 
aneurysm with a large hematoma within it, anterior to the 
L3—L4 vertebral bodies. 

At the time of this writing, the diagnosis of this case was not 
final, but a malignant disease was the primary impression. 

This case again demonstrates the lack of diagnostic detail 
from plain x-ray film and supports the need for further detailed 
imaging in cases having unremitting pain under conservative 
care, especially when clinical findings are present. 

Meralgia Paresthetica 

In this condition the lateral femoral cutaneous nerve produces un¬ 
comfortable paresthesias and sensory impairment in its cutaneous 
distribution because of a benign entrapment (272). The point of 
entrapment is usually at the inguinal area where the nerve pierces 



Figure 10.248. Computed tomography scan shows mixed radiolucent 
and radiopaque changes ol the first lumbar vertebral body. 



Figure 10.249. Magnetic resonance image reveals loss ol signal inten¬ 
sity and vertebral height and extension ol the LI vertebral body posteri¬ 
orly into the vertebral canal to create stenosis and possible compression 
ol the conus medullaris area ol the spinal cord. 
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Figure 10.250. This study shows L3 L4 intervertebral disc degener¬ 
ation. Sclerosis ol the 1.4 superior vertebral body plate is seen. 



Figure 10.251. Lateral view of the spine seen in Figure 10.250 again 
shows L3—L4 discal degeneration. The inferior plate of L2 reveals nuclear 
disc invagination. 


Figure 10.252. Bone scan shows increased uptake of radionuclide at 
the L2 vertebral bodv and the left lower two ribs. 



Figure 10.253. Magnetic resonance imaging shows that the L2 verte¬ 
bral body has lost signal intensity compared with the other lumbar ver¬ 
tebrae. The superior plate of L4 also shows a compression defect not ap¬ 
preciated on other plain films. Note also the large aortic aneurysm with 
a blood clot within it lying anterior to the 1.3—L4 vertebral bodies. 
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the ligament to enter the thigh at or near the anterior superior il¬ 
iac spine. Trauma to thepelvicbones, scarring of the inguinal lig¬ 
ament, diabetes mellitus, obesity, toxic neuropathy (e.g., alcohol 
or drug), pregnancy, or tight clothing have been implicated in the 
etiology. To diagnose meralgia paresthetica, somatosensory 
evoked potentials (SSEP) have shown great benefit (272—277). 

Headache with Chronic Low Back Pain 

In a study of patients with chronic low back pain 75.2% 
reported that headache co-occurred with low back pain or 
emerged as a sequela of it. Patients with chronic low back pain 
should be screened routinely for the presence of clinically sig¬ 
nificant headache, including migraine headache, so that ade¬ 
quate treatment can be provided (278). 

Lumbar Synovial Cyst 

Most lumbar intraspinal facet cysts are associated with signifi¬ 
cantly degenerated facet joints. Patients with intraspinal facet 
cysts may respond to conservative treatments if no significant neu¬ 
rologic deficit is present. Surgical decompression and removal of 
large facet cysts usually is successful in relieving symptoms (279). 

Low back pain and symptoms from unilateral nerve root in¬ 
volvement in lumbar synovial cyst formation are the most fre¬ 
quent signs. The L4—L5 facet joints are most frequently involved, 
and most prevalently in females. Treatment is usually, medical, 
surgical, or with corticosteroid intra-articular injection (280). An 
unusual case of hemorrhage into a right L3—L4 synovial cyst caus¬ 
ing an acute cauda equina syndrome has been reported (281). 

Synovial cyst, also termed a “ganglion cyst” in the past, is 
now termed “pigmented villonodular synovitis,” the correct 
term for hypertrophic synovitis of the facet joint (282). 

A 76-year-old woman was seen complaining of left buttock 
and posterior thigh pain extending to the knee. Night pain was 
present. MRI axial view (Fig. 10.254) and sagittal view (Fig. 
10.255) showed the degenerative L4—L5 facet disease with 
protrusion of the synovial cyst into the left posterolateral ver¬ 
tebral canal space to contact the thecal sac (arrows). 

Sequestered disc mimics synovial cyst. This case was treated 
with positive galvanic current into the cyst followed by dis¬ 
traction manipulation of the L4—L5 facet joints with complete 
relief of the left buttock and thigh pain. 

A 70-ycar-old patient with a rare, misleading presentation 
of lumbar disc prolapse, which on CT mimicked a synovial 
cyst, later showed surgically that the whole nucleus pulposus 
had herniated, become sequestrated, and migrated behind the 
theca adjacent to the L4—L5 facet joint. No continuity was seen 
of the disc material with the intervertebral space. The patient 
had complete postsurgical relief from his pain (283). 

Compression Fracture Caused 
by Osteoporosis 

One condition commonly seen in elderly patients is osteo¬ 
porosis of the spine, which carries with it the risk of compres- 



Figure 10.254. Magnetic resonance image axial view shows the syn¬ 
ovial cyst of the left facet capsule (arrow). 



Figure 10.255. Magnetic resonance image sagittal view shows the 
synovial cyst contacting the thecal sac (urroir). 
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sion fractures. Four cases in which patients were noted to 
have compression fractures following chiropractic adjustments 
raised serious questions concerning the relationship between 
the adjustment and the occurrence of fracture. What is clear is 
that failure to diagnose a compression fracture, together with 
the application of adjustment into the area of fracture, can in¬ 
crease symptoms and prolong disability. It is recommended 
that patients with osteoporosis who have suffered a fall or in¬ 
jury be examined radiographically before treatment is given. In 
addition, special care should be exercised in elderly patients 
with osteoporosis (284). 

Sacral Insufficiency Fractures 

Sacral insufficiency fractures are an often unsuspected cause of 
low back pain in elderly women with osteopenia who have sus¬ 
tained, unknown, or only minimal trauma. Differential clinical 
and radiographic diagnosis of these fractures is often difficult. 
Recognition of the characteristic scintigraphic patterns in sacral 
fractures, which are frequent in osteopenic patients, could 
avoid mistaken diagnoses and unnecessary tests or treatment. 
One of the striking features of these sacral fractures is their in¬ 
variable location. The fractures extend vertically in the sacral aloe, 
parallel to the sacroiliac joints. They are located just lateral to the 
margins of the lumbar spine. This distribution suggests that 
such fractures could be partially caused by weightbearing trans¬ 
mitted through the spine (285). 

Associated with dull buttock pain and, frequently, other 
fractures of the pelvic girdle and spine, may be a history of ra¬ 
diation therapy, long-term corticosteroid therapy, or minimal 
trauma. No neurologic deficit is associated. CT is required for 
the diagnosis. In uncertain cases, bone nuclear scintigraphy 
would appear to be the best diagnostic screen. Frequency of 



Figure 10.256. Classification of sacral fractures after Denis (18); insuf¬ 
ficiency fractures occur in zone 1, (Reprinted with permission from We¬ 
ber M, Hasler P, Gerber H. Insufficiency fractures of the sacrum: twenty 
cases anil review of the literature. Spine 1993; 1 8(1 6): 2 507—2512.) 





Figure 10.257. Computed tomography scan shows a vertical area of 
sclerosis (arrow) in the right sacral ala at the window settings appropriate 
for soft tissues. (Reprinted with permission from Weber M, Hasler P, 
Gerber H. Insufficiency fractures of the sacrum: twenty cases and review 
of the literature. Spine 1993;18(16):2507— 2512.) 



Figure 10.258. Computed tomography with displacement of both lat¬ 
eral portions of the upper sacral border (urroivs). (Reprinted with per¬ 
mission from Weber M, Hasler P, Gerber H. Insufficiency fractures of 
the sacrum: twenty cases and review of the literature. Spine 1993; 
18(16): 25 07-2 51 2.). 

sacral insufficiency fracture was found to be 1.8% in female pa¬ 
tients older than age 5 5 (286). Figure 10.256 is the classifica¬ 
tion of sacral fractures and Figures 10.257 and 10.258 are ex¬ 
amples of sacral fracture. 

Ulcerative Colitis Causes Arthritis 

Arthritis has long been associated with ulcerative colitis, but 
not at the 62% rate reported among 79 patients in Naples 
(287). The highest prevalence in previous studies was approx¬ 
imately 3 5%. 

Among the 49 patients with evidence of arthritis, the diag¬ 
noses were ankylosing spondylitis (20 patients); peripheral 
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arthritis (15 patients), and unclassihablc (because it was ob¬ 
served in patients with colitis) spondyloarthritis (14 patients). 
None of the patients tested positive for rheumatoid factor. 

Scoliosis with Syrinx 

An 8-year-old girl was seen complaining of midthoracic spinal 
pain. She had complained of a flexible round back deformity for 
several years. She stands with the head and right knee flexed to 
relieve the pain in the midthoracic spine. 

A 7° degree levoscoliosis of the thoracic spine is seen on 
plain x-ray film and an MRI is ordered. T1-weighted sagittal 
images of the thoracic spine (Fig. 10.259) revealed a vertically 
oriented tubular abnormality demonstrated within the central 
aspect of the spinal cord from the T6 through the T9 levels with 
an internal signal paralleling that of CSF. Mild associated 
f usif orm expansion of the caliber of the spinal cord is seen at 
the T8 through T10 level. No abnormal signal intensity is 
demonstrated in the surrounding parenchyma of the spinal 
cord. The conus medullaris is normally situated at the T1 2-L1 
level. Vertebral marrow signal is within normal limits. The in¬ 
tervertebral disc signal is normal. No evidence of compression 
on the spinal cord is seen and the neural foramen are patent. 

The diagnosis was syringomyelia. Treatment discussion in¬ 
cluded syrinx drainage to decompress and maintain a decom¬ 
pressed position so that the nonstructural scoliosis might re¬ 
solve. The final decision, because of a nonprogressive scoliotic 
curve or pain, was to watch the syrinx and curve, closely ob¬ 
serving the young girl’s symptoms. At publication of this book, 
this syrinx is gradually resolving without any treatment. 



Figure 10.259. Syringohydromyelia. 


The clinical pearl here is that scoliosis with neurologic 
deficit requires MRI to rule out spinal syrinx or tumor. Chil¬ 
dren with scoliosis and syringomyelia have an equal incidence 
of left and right-sided curves with a normal sagittal alignment. 
Most are seen at Risser 0 classification with significant curves, 
and curve progression occurs in half of the patients. Bracing 
is not effective in preventing curve progression. Neurologic 
signs, present in most children, stabilize after syrinx drainage. 
Neither the child’s sex or age, nor type of curve or drainage of 
the syrinx has been found predictive of curve progression. In 
syringomyelia, the relationship of the syrinx and the scoliosis is 
not well understood (288). 

An MRI evaluation of the entire spine is needed in all juve¬ 
nile scoliosis patients or those with left-sided curves and a nor¬ 
mal sagittal alignment, especially those with asymmetric ab¬ 
dominal reflexes. Neurosurgical drainage of the syrinx should 
be undertaken to stabilize the neurologic deficit (288). Evans 
et al. (289) conclude that MRI of all patients with juvenile sco¬ 
liosis should be obligatory because in a consecutive group of 31 
children with idiopathic juvenile scoliosis 26 were found to 
have abnormalities of the hind brain or cord. 

Bracing of juvenile curves has a questionable role (288). 
Noonan et al. (290) reported that 92% of 1 1 1 immature pa¬ 
tients in whom idiopathic scoliosis had been treated with a Mil¬ 
waukee brace were followed to determine the ef fectiveness of 
the brace in preventing progression of the curve. They ques¬ 
tioned that the brace did indeed alter the progression of the 
curve, a finding they admit did not agree with previously re¬ 
ported favorable results. 

Postsurgical Scoliosis Strut Graft for Degenerative 
Lower Lumbar Disc Disease and Stenosis 

A 46-year-old woman had fibular strut placement extending to 
the L4 level for scoliosis correction. Bilateral leg fatigue and pain 
and low back pain caused her to seek care. Figures 10.260— 
10.263 reveal the imaging in this case. 

Treatment given was distraction manipulation of the two 
lower lumbar levels with the clinical goal of giving sufficient re¬ 
lief to allow the patient to have a quality of life compatible with 
her wishes. Six weeks of treatment, given two to three times 
weekly, resulted in tolerance of low back pain and lower ex¬ 
tremity pain to the point of being able to perform those things 
she needed to do in her life. This was felt to be a good clinical 
result in a spine with arachnoiditis, osteoarthritis of the two 
lower lumbar facet levels, extensive disc degeneration at the 
two lower levels, and L5 SI disc protrusion, all coupled with 
the continual stress of having all ranges of motion of the thora¬ 
columbar spine placed at the two lower disc levels where such 
instability and degenerative changes exists. 

Scoliosis with Aging 

Scoliosis with progressive deformity can develop late in life. 
Two hundred patients older than age 50 years with back pain 
and recent onset of scoliosis were studied. Seventy-one per¬ 
cent of patients were women, and no patient had undergone 
spinal surgery. The curves involved the area from T1 2 to L5 
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Figure 10.260. A fibular strut (arrow) is in place for scoliosis correc¬ 
tion fusion extending to the L4 level. 


Figure 10.262. Axial computed tomography scan shows vacuum 
change within the nucleus pulposus at L5—SI (arrow) and disc protrusion 
and hone hypertrophy at the left L5—SI level, which effaces the thecal sac 
slightly (arrowhead). Also note the facet hypertrophy bilaterally with nar¬ 
rowing of both osscoligamentous canals. 


✓ 



Figure 10.261. Lateral projection of Figure 10.260 shows the exten¬ 
sive L5-S1 degenerative disc disease and less degeneration at the L4-L5 
level. All motion occurs at the two lower disc levels because of the fu¬ 
sion to the L4 level by the fibular strut (arrow). 



Figure 10.263. Myelographically enhanced computed tomography 
scan shows the posterior spinal strut fusion. Note the nerve root fila¬ 
ments within the cauda equina arc clumped in the midcoronal plane of 
the thecal sac and lobular indentation is seen dorsal]v (arrow ).These find¬ 
ings suggest arachnoiditis scarring. 
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with the apex at L2 or L3, and they did not exceed 60° Cobb 
angle. Degenerative facet joint and disc disease were always 
present, and the curves were associated with a loss of lumbar 
lordosis. Forty-Hve patients with severe pain and neurologic 
deficits were studied using myelography. Indention of the col¬ 
umn of contrast medium was seen at several levels. It was most 
severe at the apex of the curve and least severe at the lum¬ 
bosacral joint. The curves progressed an average of 3° per year 
over a 5-year period in 73% of patients. Grade 3 apical rota¬ 
tion, a Cobb angle of 30° or more, lateral vertebral translation 
of 6 mm or more, and the prominence of L5 in relation to the 
intercrestal line were important factors in predicting curve 
progression (291). 

Low Back Pain of Pregnancy 

Back pain is a common complaint of three of four women dur¬ 
ing pregnancy. The pain intensity increases over time until de¬ 
livery. Young women report more intensive pain than older 
women. The cause of low back pain starting during pregnancy 
is still not known (292). 

To determine the prevalence of back pain and its develop¬ 
ment over the first postpartum period, 817 women who had 
been followed through pregnancy were studied a minimum of 
1 2 months after delivery. More than 67% of the women expe¬ 
rienced back pain directly after delivery, whereas 37% said 
they had back pain at the follow-up examination. Factors that 
correlated to persistent postpartum back pain were the pres¬ 
ence of back pain before pregnancy, physically heavy work, and 
multiple pregnancies. Of these four factors, physically heavy 
work was found to have the strongest association with persis¬ 
tent back pain at 1 2 months. 

Back pain occurring during pregnancy and delivery does 
seem to improve in most women during the first 6 months af¬ 
ter delivery, and particularly in the first month. In particular, 
women who do heavy manual work may need help to recover 
more quickly (293). 

Chiropractic Care During Pregnancy 

No justification is reported for or against chiropractic care dur¬ 
ing pregnancy for the reduction of obstetric interventions dur¬ 
ing labor and delivery. Chiropractic care and craniosacral ther¬ 
apy do not necessitate increased obstetric procedures during 
labor and delivery and, therefore, should not be a concern in 
the treatment of pregnancy-related disorders, such as low back 
pain. Indeed, other evidence suggests that manual manipula¬ 
tion may prevent back labor in those patients with low back 
pain during pregnancy (294). 

Nerve Damage During Delivery 

Injuries to the lumbosacral plexus during labor and delivery in 
two cases localized the site of obstetric paralysis to the lum¬ 
bosacral trunk (L4---L5) and SI root where they join and pass 
over the pelvic rim. Paralysis can be mild or severe. Small ma¬ 
ternal size, a large fetus, midforceps rotation, and fetal malpo¬ 
sition can place the mother at risk for this nerve injury (295). 


The nerve lesion probably results from direct pressure by 
the descending fetal head compressing the lumbosacral trunk 
and the SI root as it joins the trunk against the rim of the pelvis 
during the rotation and descent of the second state of labor 
(296). The foot drop is almost always unilateral and, generally, 
on the same side as the infant’s brow during the descent. As 
many as 1 of 2000 deliveries can be complicated by this palsy. 
It is important to distinguish this obstetric paralytic syndrome 
from compression of the peroneal nerve where it crosses the 
fibular head, which also causes numbness along the lateral calf 
and a foot drop, and it can be seen during labor as a result of 
compression by legholders. 

The increased propensity for disc herniations during preg¬ 
nancy stresses the need to consider this cause of foot drop in 
the differential diagnosis. Another possible cause of obstetric 
paralysis is damage to the lumbosacral roots from an epidural 
anesthetic catheter (295). 

Between 50 and 90% of women develop symptoms of low 
back pain at some point during pregnancy. In 10 to 36% of 
these women, the symptoms are of such severity that they have 
a dramatic impact on the activities of daily living and f requently 
require prolonged bed rest (297). 

MRI in Pregnancy Evaluation 

A herniated disc during pregnancy occurs with a reported inci¬ 
dence of 1 in 10,000 cases. MRI, without ionizing radiation, is 
the imaging modality used to study the lumbar spine. Tradition¬ 
ally, caesarean section has been the pref erred route of delivery 
with the anticipation that during labor increasing epidural venous 
pressures could precipitate progressive neurologic dysfunction. 

However, during uterine contractions, increases in the CSF 
pressure have been reported to be directly proportional to the in¬ 
tensity of the perceived pain that subsequently influences the 
amount of concomitant skeletal muscle activity. The elevations in 
both CSF and epidural pressure are theref ore not directly related 
to contraction of the uterine musculature itself but rather are a 
product of the reflex responses of skeletal muscles to pain (298). 

Iliocostal Pain 

Normally, the distance between the lower ribs and iliac crest is 
sufficient that no contact occurs. Iliocostal contact can be 
caused by severe osteoporosis; severe dorsal kyphosis because 
of dorsal, wedge-shaped compression fracture; lumbar com¬ 
pression fractures, multiple disc narrowings, or lumbar verte¬ 
bral collapse from infection or metastases; lumbar or lum- 
bodorsal scoliosis; and a combination of any of these factors. 

The major symptom of iliocostal fracture is low back pain. 
Pain can also radiate to the groin, buttock, thigh, chest, and 
lower rib cage. 

Treatment 

Treatment can involve the following, (a) Surgical removal of 
the 1 2th and sometimes also the 1 1th rib has given permanent 
relief of pain, (b) Lower rib compression, which is done by us¬ 
ing a strong elastic belt that compresses the lower ribs and re- 
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moves them from contact with the iliac crest, (c) Sclerosing in¬ 
jections—small amounts of hypertonic dextrose (12.5 to 25% 
with lidocaine) at the osseotendinous junction to relieve ten¬ 
derness in this area (299). 

Coccygodynia 

Common coccygeal pain could come from the coccygeal disc in 
approximately 70% of cases. Idiopathic coccygodynia is poorly 
understood (300). 

Breast Reduction Can Relieve 
Back and Neck Pain 

Breast reduction surgery can relieve back and neck pain in 
large-breasted women. Reduction surgery significantly im¬ 
proves the pain and discomfort complex in this group of pa¬ 
tients (301). 

Camptocormia 

Progressive lumbar kyphosis or camptocormia, a rare disease 
of the elderly, is characterized by an inability to immobilize the 
lumbar spine in relation to the pelvis. It appears to be a result 
of weakness of the paraspinal muscles. 

Patients with camptocormia show spinal muscles with areas 
of low density on CT scans and MRI, similar to the features de¬ 
scribed in primary muscular dystrophies (302). 

Camptocormia, disappearing in the recumbent position, is 
thus probably linked to muscle involvement. That often a fam¬ 
ily history of such disorder indicates that this is a genetically 
transmitted condition (303). 

Transient Osteoporosis of the Hip 

Transient regional osteoporosis of the hip (TROH) is a self- 
limiting and usually idiopathic condition that typically resolves 
symptomatically and radiographically over a period of 2 to 
6 months from presentation. Occasional cases complicating 
pregnancy have been reported. 

Although radiographs, radionuclide bone scan, and MRI are 
useful in making the diagnosis of transient regional osteoporo¬ 
sis of the hip, bone densitometry is ideally suited to monitor its 
rate of resolution. Symptoms alone are not a sufficiently accu¬ 
rate indicator. Bone densitometry may be useful in diagnosis 
and monitoring TROH (304). 

Classically, TROH is characterized by disabling pain in the 
hip without antecedent trauma and by striking radiographic ev¬ 
idence of osteopenia that is isolated to the hip (305). Transient 
osteoporosis affects middle-aged men, and it af fects women al¬ 
most exclusively during the third trimester of pregnancy. 

The presenting symptoms of transient osteoporosis is a dull 
ache in the inguinal area, buttocks, or anterior aspect of the thigh 
that is usually acute in onset but without antecedent trauma. It is 
frequently accompanied by a limp and an antalgic gait. The pain 
is exacerbated by weightbearing and relieved by rest. 



Figure 10.264. Nephrocalcinosis. See arrows for calculi. 


Three distinct temporal phases of transient osteoporosis 
have been described. The initial phase, characterized by a rapid 
aggravation of the pain and functional disability, usually lasts 
for approximately 1 month. The next phase, in which the 
symptoms reach a plateau in intensity, typically lasts for 1 to 2 
months. During this time, osteopenia is noted on radiographs. 
A final phase is characterized by regression of the symptoms 
and reconstitution of the radiographically visible bone density; 
this period is usually as long as 4 months (305). 

Nephrocalcinosis 

Figure 10.264 shows nephrocalcinosis of the kidneys, which 
caused low back pain in a patient with hyperparathyroidism 
a case needing other than a spinal adjustment. 

Testicular Torsion Causes Low Back Pain 

Testicular torsion was found to be the cause of pain in a 7-year- 
old child with a brief history of low back pain radiating to the 
groin bilaterally. Testicular torsion does occur with some fre¬ 
quency in the pediatric population. Acute low back pain with¬ 
out history of trauma or injury is or should be continually sus¬ 
pect in the pediatric patient (306). 

Aneurysmal Bone Cyst 

Figures 10.265 and 10.266 are radiographs of a 20-year-old 
woman complaining of low back pain showing a 4-cm expan¬ 
sile bone lesion of the L3 transverse process and lamina-pedi¬ 
cle, which had smooth margins with no evidence of periosteal 
spiculation. Radiolucent areas were noted throughout the sub¬ 
stance of the lesion. It does have a blown-out appearance and 
suggests invasion of the osseoligamentous canal. This lesion was 
not present on lumbar radiographs taken for low back pain 2 
years previously. 

Levoscoliosis of the lumbar spine perhaps occurs because of 
painful muscle splinting. 
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Figure 10.265. Aneurysmal hone cyst (arrow) on anteroposterior ra¬ 
diograph. 



0 = 

Figure 10.266. Lateral view of Figure 10.265 showing an aneurys¬ 
mal hone cyst (arrows). (Case courtesy ol Drs. Jon, Steven, and Michael 
Alter.) 


Differential diagnosis included osteoblastoma but this lesion 
is more radiopaque than the typical osteoblastoma which is 
more radiolucent in appearance. 

Slipped Femoral Capital Epiphysis (SFCE, 
Epiphyseal Coxa Vara) 

A 16-year-old white male had 6 months of left hip pain and 
limp. Figures 10.267 and 10.268 are the anteroposterior and 
lateral views of the left hip joint showing the medial and down¬ 
ward epiphyseal displacement on the femoral neck. 

This patient was referred for surgical consultation. Regard¬ 
less of treatment, degenerative arthritis is common with this 
condition. 

Compression Fracture of the Second 
Lumbar Vertebral Body 

A 51-year-old white woman fell from a horse and felt lumbar 
spine pain. MRI was performed because of a question of acute 
versus longstanding compression fracture at L2. The T1 sagit¬ 
tal image (Figure 10.269) revealed loss of signal intensity of the 
L2 mid and upper vertebral body (arrow) and hyperintensity 
on T2-weighted image (Fig. 10.270) (arrow). These findings 
would be indicative of acute inflammatory change suggesting 
fresh fracture. Also noted is posterior displacement of the sec¬ 
ond vertebral body on L3 with protrusion of the L2—L3 disc. 



Figure 10.267. Slipped capital femoral epiphysis shown in this an¬ 
teroposterior hip radiograph. 




Chapter 1 0 Diagnosis of the Low Back and Leg Pain Patient 499 


i 



Figure 10.268. Lateral frog-leg view of Figure 10.267. (Case courtesy of Drs. Jon, Steven, and Michael 
Alter.) 



Figure 10.269. T1 -weighted sagittal magnetic resonance image Figure 10.270. T2-weighted sagittal magnetic resonance image 

shows hypointensity of the L2 vertebral body (arrow). shows hyperintensity of the L2 vertebral body (arrow). 
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Figure 10.271. Computed tomography (CT) scan shows complete disappearance of herniation at 
L5—SI. A. CT scan at L5—S1 reveals a large central and left herniation (white arrows ) in a 28-year-old man 
with severe left radiculopathy. The left L5 root appears slightly enlarged and denser than the right root. B. 
The pain and radiculopathy gradually disappeared; CT scan made 1 6 months later showed no evidence ol 
the previous herniation. The root now appears normal. (Reprinted with permission from Teplick GJ. 
Lumbar Spine CT and MRI. Philadelphia: Lippincott-Raven, 1992:99, 146.) 



Figure 10.272. Computed tomography (CT) scan shows regression of foramina] herniation at L4— L5. 
A. CT scan of L4— L5 shows a left foramina] herniation (arrow) contiguous to a slightly swollen L4 root ( ar¬ 
rowhead ). The left radiculopathy improved greatly with conservative treatment. B. A corresponding slice 
ol a CT scan made 2 years ago shows residual herniation (arrow); the left L4 root now appears completely 
normal. (Reprinted with permission from Teplick GJ. Lumbar Spine CT and MRI. Philadelphia: Lippin¬ 
cott-Raven, 1992:94, 146.) 



Chapter 10 Diagnosis of the Low Back and Leg Pain Patient 501 



Figure 10.273. Computed tomography (CT) scan 
shows foraminal herniation with swollen root resolution in 
4 months. A and B. A soft tissue mass in the right foramen 
(arrows) at L3—L4 is a conglomerate of a right foraminal her¬ 
niation and a swollen nerve root. The myelogram was en¬ 
tirely negative. The patient’s symptoms were consistent 
with a right L3 radiculopathy. Marked clinical improve¬ 
ment occurred with conservative therapy. C and D. CT 
scan 4 months later, when the patient was virtually symp¬ 
tom free, shows a tiny right foraminal herniation (black ar¬ 
rows) with a normal appearing right L3 root (white arrow). 



Spontaneous Regression of Lumbar 
Herniated Discs 

This chapter on diagnosis concludes with a discussion of disc 
herniation diagnosis and the challenge that disc herniation may 
or may not be symptom producing. Teplick (307) defi nes spon¬ 
taneous regression as a diminution or total disappearance of a 
herniation that has not had surgical discectomy, chemonu¬ 
cleolysis, or percutaneous discectomy. The fact that disc her¬ 
niation can reduce without surgical intervention, and allow a 
patient to become asymptomatic, is shown in Chapter 3, Neu¬ 
rophysiology and Pathology of the Nerve Root and Dorsal Root Gan¬ 
glion , and is presented in three cases for your awareness and 
contemplation. 

Figures 10.271 — 10.273 are three excellent examples of 
partial or total regression of disc herniations with conservative 
care. My opinion is that herniated disc regression, regardless of 
size, is well documented in MRI or CT literature, and even by 
myelography. So well known is it today, that I do not believe 
it even warrants great discussion anymore. We know that discs 
diminish in size by 100 to 0% with total regression of sympto¬ 
matology. At this time, visualizing these cases should be ac¬ 
companied by the thought that the significance of the reduction 
is little known, and even of less importance. 

As I conclude this chapter it is exciting to end it with a dis¬ 
cussion of the insignificance of the size of disc herniation in the 
production of pain, whereas a mere 10 years ago, when writ¬ 
ing the fifth edition, the question of observing the reduction of 


disc herniation after nonsurgical care was screaming to be ad¬ 
dressed. We are always presented with new questions! 
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A thorough diagnostic evaluation lays the foundation for a log¬ 
ical treatment plan. However, the phrase “laboratory diagno¬ 
sis” is a misnomer. In actuality, the evaluation of blood, urine, 
and other specimens is but one of the fi ve major means of eval¬ 
uating patients with low back pain, the others being the history, 
physical examination, routine radiographs, and special studies 
(electromyography [EMG], computed tomography [CT], mag¬ 
netic resonance imaging [MRI], and so on). Laboratory tests, in 
and of themselves, should never be considered as the primary 
or only investigatory means, but rather as tools to assist the 
physician in analyzing and correlating other clinical findings. 

Although many different causes are found for low back 
pain, the clinical laboratory is most useful in evaluating infec¬ 
tious, inflammatory, metabolic, and neoplastic disorders. 
Most simple traumatic, mechanical, and degenerative condi¬ 
tions are not associated with significant laboratory abnormali¬ 
ties. Indeed, those conditions seen most frequently in the 
office (e.g., strain or sprain syndromes, disc disorders, degen¬ 
erative joint disease, and myofascial pain syndromes) are char¬ 
acterized by normal laboratory test results. 

Because the prevalence of these common conditions is so 
much greater than that of other disorders, few laboratory tests 
are sufficiently cost-effective to be used as routine procedures. 
As the prevalence of a condition diminishes, the possibility of 
encountering a false-positive test result becomes greater, and 
may even exceed the incidence of a true-positive test. Because 
of the differences in sensitivity, specificity, and predictive 
value of laboratory tests, it is reasonable to use laboratory tests 
in pursuing a statistically reasonable diagnosis rather than hap¬ 
hazard screening. In other words, the selection of laboratory 


tests should be guided by the working diagnosis generated by 
the history and physical examination, rather than simply per¬ 
formed as indiscriminate screening. As will be seen, the 
“rheumatic” or “arthritic” profile, which commonly consists of 
tests for the rheumatoid factor, antinuclear antibodies (ANA), 
uric acid, and antistreptococcal antibodies (e.g., antistrep- 
tolysin-O), is almost never indicated in the patient with iso¬ 
lated low back pain because the conditions that are associated 
with abnormalities of those tests almost never produce symp¬ 
toms in the low back without considerable concomitant pe¬ 
ripheral involvement. 

If the initial history and physical examination raise the pos¬ 
sibility of a nonmechanical, nondegenerative disorder result¬ 
ing in low back discomfort, then appropriate follow-up pro¬ 
cedures are selected. The most common laboratory tests used 
to evaluate patients with low back pain are discussed in the fol¬ 
lowing section. 

Tests can be broadly considered as either “nonspecific” or 
“specific.” In the former category, which includes such tests as 
the erythrocyte sedimentation rate and the C-reactive protein 
assay, the tests frequently yield abnormal results in many dif¬ 
ferent disorders without identifying any one particular dis¬ 
ease. In contrast, “specific” tests are aimed at detecting a spe¬ 
cific condition or pathophysiologic state. Unfortunately, such 
tests seldom meet the ideal goal of being 100% specific (i.e., 
abnormal only in patients with the disease in question), but 
they do help narrow down the possibilities when used appro¬ 
priately. A better classification term than “specific” is “fo¬ 
cused,” implying that a test is being used to evaluate for a nar¬ 
row range of possible disease states. 
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NONSPECIFIC LABORATORY INDICATORS 
OF DISEASE 

Erythrocyte Sedimentation Rate 

The erythrocyte sedimentation rate (ESR) is a widely used non¬ 
specific test. The basis of the test is that red blood cells settle 
with gravity in a vertical tube of blood at a rate dependent on 
such variables as the number of cells, the size and shape of the 
cells, and the type and amount of plasma proteins. Abnormal¬ 
ities result in an elevation (increase) in the rate of sedimenta¬ 
tion. Anemias may result in an increased ESR, as do many dis¬ 
eases resulting in an antibody response. With low back pain 
patients, the ESR is of most use in suspected cases of vertebral 
osteomyelitis, lumbar disc infections, and systemic inflamma¬ 
tory conditions. The ESR is elevated in most cases of vertebral 
osteomyelitis, with sensitivity ranging from 88 to 98% (1—3). 
Tuberculosis of the spine does not produce as dramatic a 
change in the ESR as do suppurative forms of osteomyelitis, 
with the ESR being significantly elevated in only 70% of cases 
and seldom elevated more than 50 mm/h. 

Infection of the intervertebral disc f ollowing lumbar discec¬ 
tomy can be a difficult diagnosis to make. In the typical sce¬ 
nario, the patient has undergone a lumbar discectomy and is 
seen in the of fice 1 or more weeks after discharge complaining 
of progressively increasing discomfort in the lumbar spine. The 
ESR can be used to determine if the symptoms are probably the 
result of apostoperativediscitis. Elevation of the sedimentation 
rate above 50 mm/h at 2 or more weeks postoperatively ap¬ 
pears to be a reliable indication of a secondary discitis, and this 
precedes diagnostic radiographic changes (4, 5). As will be dis¬ 
cussed in the next section, C-reactive protein is an earlier and 
more sensitive marker of osteomyelitis and postoperative disc 
infections. 

Malignancies, including plasma cell dyscrasias, primary bone 
tumors, and metastatic disease to the lumbar spine, can also 
cause elevations of the ESR; however, the sensitivity is not suf¬ 
ficiently great to comf ortably rule out a tumor on the basis of a 
norma! result or to support the use of ESR as a screening pro¬ 
cedure for cancer. 

The ESR has been shown to be of considerable value in the 
diagnosis of polymyalgia rheumatica and temporal arteritis, 
with most cases having rates in excess of 40 mm/h. 

Table 11.1 summarizes the results ofthe ESRin orthopaedic 
conditions affecting the low back and pelvis. 

C-Reactive Protein 

C-reactive protein (CRP) is a protein synthesized i n the liver in 
response to tissue damage. It is considered, along with hapto¬ 
globin, fibrinogen, ceruloplasmin, complement, and several 
other proteins, as an “acute phase reactant” because its levels 
rise rapidly in response to inflammatory states and tissue 
destruction. Measurement of CRP by sensitive quantitative 
methodologies (e.g., nephelometry and immunoassay) has 
made slide agglutination techniques obsolete and has increased 


Table 11.1 


Erythrocyte Sedimentation Rate 
(ESR) in Low Back and Pelvic 
Orthopedic Disorders 

ESR Usually Normal ESR Often Elevated 3 


Degenerative joint disease 
Sacroiliac syndromes 
Spondylolisthesis 
Fibromyalgia 

Intervertebral disc syndromes 

Osteoporosis 

Facet syndromes 

Common compression fractures 


Postsurgery 

Suppurative osteomyelitis 
Tuberculous osteomyelitis 
Intervertebral discitis 


Multiple myeloma 
Ankylosing spondylitis 
Reiter’s syndrome 
Metastatic disease 


Psoriatic arthritis 


Polymyalgia rheumatica 

Polymyositis 

Osteosarcoma 


^Frequency of elevation varies considerably in these disorders. 


the usef ulness of the test. Because the ESR is affected by 
changes in acute phase proteins, especially fibrinogen, it is un¬ 
derstandable that many of the conditions that cause elevated 
sedimentation rates also cause increased serum levels of CRP. 
CRP is of particular use, being more sensitive than the ESR, in 
monitoring disease activity in patients with low back pain 
caused by ankylosing spondylitis and Reiter’s disease (6). In 
general, CRP tends to become abnormal sooner than does the 
ESR, and it falls to normal values sooner during the recovery 

Urinalysis 

Urinalysis is a low-cost procedure that is an important part of 
the evaluation of patients with low back pain and lower ex¬ 
tremity radicular pain. It should be performed whenever no 
obvious direct cause is seen for the patient’s discomfort. A 
complete discussion of urinalysis is beyond the scope of this 
chapter; instead, the focus will be on those components di¬ 
rectly relating to low back pain. These consist ofthe chemical 
evaluation for protein, blood, and glucose, and the determina¬ 
tion ofthe presence of bacteria and white blood cells. In most 
cases, a simple dipstick assessment will suffice. 

Routine determination of protein in urine actually evaluates 
only for the presence of albumin. Dipsticks are not sensitive to 
globulins or to immunoglobulin free light chains (Bence Jones 
protein). Albuminuria in trace amounts is often seen in normal 
persons; however, greater amounts should be evaluated by 
means of 24-hour urine protein quantification. Significant al¬ 
buminuria usually indicates a disorder ofthe renal glomerulus 
or tubules. This might be caused by an organic disorder (e.g., 
glomerulonephritis or secondary damage to the nephrons in 
multiple myeloma) or occur as a physiologic variant. Relating 
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to the latter, heavy exercise can induce transient proteinuria, 
and some persons spill protein into the urine in the erect pos¬ 
ture (orthostatic proteinuria). 

Hematuria should always be taken seriously. Blood can get 
into the urine from any part of the urinary tract, so the range of 
conditions producing hematuria is quite extensive. Hematuria 
may be the only finding early in the course of renal cell carci¬ 
noma, a condition to be considered in patients over the age of 20. 
Other conditions associated with hematuria and which can pro¬ 
duce back pain include renal and ureteral stones, pyelonephritis, 
glomerulonephritis, cystitis, and prostatic diseases. 

Glucosuria, even in trace amounts, should be evaluated fur¬ 
ther by means of a fasting plasma glucose level. Glucosuria is 
most often seen in diabetes mellitus, and these patients will 
have either a fasting plasma glucose level in excess of 140 
mg/dL or an abnormal glucose tolerance test. Patients with 
glucosuria in the absence of abnormal glucose tolerance testing 
have renal glucosuria, a benign condition. Diabetic neuropathy 
can produce an anterior femoral neuralgia, and urinalysis 
should always be considered in patients presenting with that 
pain pattern. Because not all diabetic patients have glucosuria, 
if diabetes is strongly suggested serum glucose testing, includ¬ 
ing functional studies, should be considered. 

Infections of the kidney, prostate, and bladder can refer pain 
to the low back or pelvis, and they usually are associated with 
bacteriuria and pyuria. Current dipstick technology allows for 
screening for bacteria through the detection of nitrites that 
were converted by bacteria from normal urinary nitrates. 
Leukocyte esterase determination is useful in the chemical 
(dipstick) detection of white blood cells. If both the nitrite and 
leukocyte esterase tests are negative, then urinary tract infec¬ 
tion as a cause of low back pain can initially be ruled out. If ei¬ 
ther is positive, then microscopic evaluation and possibly cul¬ 
ture should follow. 

Alkaline Phosphatase 

Alkaline phosphatase actually represents several isoenzymes 
sharing similar activity, but with slight differences in physical 
structure. Isoenzymes are produced in a variety of tissues, the 
most clinically significant of which are bone, liver, placenta, 
and small intestine. Elevations of the serum enzyme level re¬ 
sult from increased metabolic activity or cellular damage. High 
alkaline phosphatase levels in patients with low back pain are 
most likely caused by physiologic variation, response of os¬ 
teoblasts to osseous injury or malignancy, metabolic bone dis¬ 
ease, Paget’s disease of bone, unrelated hepatobiliary disease, 
or medication-induced cholestasis. Physiologic variations from 
normal adult values occur in pregnancy (placental origin), 
childhood (osseous origin), the postprandial state (intestinal 
origin), and in some healthy elderly patients (7). Age-adjusted 
reference values must be used when evaluating the alkaline 
phosphatase levels of a pediatric patient. Alkaline phosphatase 
levels are typically increased in the healing stage of fractures be¬ 
cause of the increased activity of osteoblasts. In all age groups, 
fracture of long bones are more likely than vertebral or small 


bone fractures to be associated with increased alkaline phos¬ 
phatase activity. An elevated alkaline phosphatase level in an 
older patient with an apparent osteoporotic compression frac¬ 
ture should prompt the physician to consider other possible 
causes of the enzyme elevation. Alkaline phosphatase levels 
gradually rise in pregnancy, peaking at 32 to 34 weeks of ges¬ 
tation and remaining constant until a few days after delivery 
(8). As with all tests, the possibility exists of pharmacologic and 
physiologic causes of abnormal results. 

Metabolic and malignant diseases of bone that are unaccom¬ 
panied by a significant osteoblast response have normal serum 
alkaline phosphatase values. For this reason, a purely lytic bone 
disease can have normal scrum alkaline phosphatase levels. Al¬ 
though most patients with Paget’s disease (osteitis deformans) 
have elevated alkaline phosphatase levels, serum levels of the en¬ 
zyme are occasionally normal in patients in phases of that disease 
characterized by minimal osteoblast activity. In addition to those 
elevations seen with pregnancy and healing fractures, serum al¬ 
kaline phosphatase can rise with drugs that can induce cholesta¬ 
sis, in some adults after a fatty meal, and in the elderly patient. 

Because of the multiorgan origin of the enzyme, it is under¬ 
standable that many diff erent diseases can result in elevation of 
the serum level. Table 1 1.2 lists the more common disorders 
associated with elevated alkaline phosphatase levels. 

Further evaluation of an elevated alkaline phosphatase can 
be done in two ways. As shown in Figure 11.1, determination 
of the tissue of origin of alkaline phosphatase can be done by 
searching for elevations in other serum enzymes that parallel 
those of alkaline phosphatase in certain diseases, or by separa¬ 
tion and quantification of the various isoenzymes. G-glutamyl 
transferase (GTP, G-GTP, G-glutamyl transpeptidase |GGT]) 
is elevated in many hepatic disorders but is not affected by os¬ 
seous diseases. GGT is sensitive to alcohol intake and elevations 
in the low back pain patient may represent a response to heavy 
alcohol consumption (9). Many routine chemical profiles in¬ 
clude both alkaline phosphatase and GTP. Serum S'-nucleoti- 
dase and leucine aminopeptidase can also be measured, and 
changes tend to parallel those in GTP, although neither is as 
sensitive. Measurement of alkaline phosphatase isoenzyme can 
be performed; however, the accuracy of the analysis varies with 
the method used and the experience of the laboratory. 

Of particular concern to the practitioner is the patient with 
a history of cancer who presents with low back pain. Osseous 
primary and secondary osteoblastic malignancies are often as¬ 
sociated with elevations of serum alkaline phosphatase, and the 
finding of such in a patient with a history of cancer should 
prompt further evaluation, such as radionuclide bone scanning. 
In breast cancer patients, serial measurement of alkaline phos¬ 
phatase isoenzymes and GTP has been shown to be useful in de¬ 
tecting the occurrence of liver and bone metastases, with ab¬ 
normal levels found in slightly more than 40% of all patients 
with these metastases, and in 75% of those patients who are 
symptomatic because of the metastases (10). In general, bio¬ 
chemical tests and tumor markers have a lower sensitivity to 
metastatic bone disease than imaging procedures such as bone 
scanning. 
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Table 11.2 


Pathologies Associated with Elevated 
Serum Alkaline Phosphatase Levels 


Musculoskeletal 

Primary and metastatic osteoblastic tumors 

Paget’s disease (osteitis deformans) 

Fractures 

Rickets 

Osteomalacia 

Hyperparathyroidism 

Rheumatoid arthritis 0 

Gaucher’s disease 


Hepatobiliary 

Drug-induced cholestasis 

Primary and metastatic liver tumors 

Liver abscess 

Hepatic cysts 

Biliary cirrhosis 

Cholangitis 

Choledocholithiasis 

Carcinoma of head of pancreas 

Carcinoma of ampulla of Vater 

Acute hepatitis (mild elevation) 

Infectious mononucleosis (mild elevation) 
Hepatic cirrhosis (mild elevation) 

Gastrointestinal 

Extensive gastric or bowel ulceration 
Intestinal infarction 


Miscellaneous 
Hyperthyroidism 
Renal infarction 
Severe diabetes mellitus 


"Elevation in rheumatoid arthritis is primarily due to hepatobiliary 
involvement. 


Uric Acid 

Serum uric acid is a common part of the laboratory rheumatic 
profile, but it has little use in the evaluation of the patient with 
low back pain. Gout is the primary rheumatic disease associated 
with hyperuricemia, and it is characterized by an acute inflam¬ 
matory response triggered by uric acid crystal precipitation in 
synovial fluid. Gout preferentially affects distal joints, most no¬ 
tably those of the foot, ankle, knee, and wrist. Seldom are 
joints of the spine affected, most likely because the higher tem¬ 
perature in those joints helps keep the uric crystals in solution. 
It would be extremely unusual for gout to affect the lumbar 
spine or sacroiliac joints without previously involving the pe¬ 
ripheral joints. A more likely situation would be the incidental 
finding of hyperuricemia in a patient being evaluated for other 
reasons. Elevation of the serum uric acid level can result from 
several mechanisms, including decreased renal excretion, in¬ 


creased formation, and metabolic changes (11). Table 11.3 lists 
the more common causes of hyperuricemia. 


Calcium 

The blood calcium level is normally closely regulated by the 
complex interactions of parathyroid hormone, vitamin D, 
bone, plasma proteins, and calcitonin. Disturbances of those 
factors can result in alterations in the calcium balance, as re¬ 
flected by increased or decreased serum levels. Calcium is 
transported in the blood by binding to albumin and some glob¬ 
ulins. As calcium is needed for metabolic functions, it is freed 
from the plasma proteins and becomes physiologically active in 
this ionized form. The routine serum calcium assay is actually 
a measurement of the combined amount of calcium bound onto 
plasma proteins and ionized, or “free,” calcium. A wide variety 
of disease can result in abnormal serum calcium levels. Table 
1 1.4 lists the most common causes of hypocalcemia and hyper¬ 
calcemia. It should be noted that the serum calcium level is typ¬ 
ically normal in osteoporosis and in degenerative joint disease. 
Primary hyperparathyroidism and metastatic carcinoma ac¬ 
count for most of the cases of hypercalcemia. An elevated 
serum calcium level should be followed by measurement of the 
serum parathyroid hormone (PTH). An elevated PTH level in 
a hypercalcemic patient is indicative of primary hyperparathy¬ 
roidism, whereas suppressed PTH levels suggest lytic bone dis¬ 
ease as the cause of the hypercalcemia. 
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Figure 11.1. Methods to determine origin of increased serum alkaline 
phosphatase. Differentiation can he made by measurement of other en- 
zvmes with similar activity or by various methods of isoenzvme determi¬ 
nation. GTP, gamma glutamyl transpeptidase; l.AP , leucine aminopepti- 
dasc; 5'hi, 5’-nucleotidase. 
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Table 11.3 


l Common Causes of Hyperuricemia 

Increased production of uric acid 

High-purine diet 

Increased turnover of nucleic acids 
Psoriasis 

Multiple myeloma 
Pernicious anemia 
Polycythemia vera 
Leukemia 

Primary gout (some cases) 

Decreased excretion of uric acid 

Renal failure 

Alcohol 

Aspirin 

Primary gout (most cases) 

Diuretics 


Miscellaneous (multifactorial) causes 

Obesity 

Primary hypertension 
Hypertriglyceridemia 
Idiopathic hyperuricemia 


Phosphorus 

Serum phosphorus (phosphate) levels are affected by many 
of the same conditions that alter serum calcium levels. In hy¬ 
perparathyroidism, serum phosphorus levels are usually de¬ 
creased, an inverse relationship to calcium. Vitamin D-resistant 
rickets may also have a low serum phosphorus level. Hyper¬ 
phosphatemia can result from chronic renal failure, vitamin D 
excess, hypoparathyroidism, and some healing fractures. Chil¬ 
dren tend to have higher phosphorus levels than do adults. 


FOCUSED LABORATORY TESTS 
Acid phosphatase 

Measurement of serum acid phosphatase, an enzyme produced 
predominantly by prostatic epithelial cells, but also by plate¬ 
lets, red blood cells, bone, and other tissues, has only limited 
diagnostic usefulness. Elevation of the serum acid phosphatase 
level is found in many cases of advanced prostatic cancer with 
either local extension of the tumor or metastasis. Although it 
was hoped that techniques such as radioimmunoassays and 
monoclonal antibody-based immunoassay would improve the 
detection of prostatic cancer while the disease was still confi ned 
to the prostate, studies have yielded varying results, and serum 
prostatic acid phosphatase testing cannot be considered a reli¬ 
able screening procedure for prostatic cancer (12, 13). 


Table 11.4 


Causes of Serum Calcium Abnormalities 


Hypercalcemia 

Increased release of calcium from bone 
Metastatic carcinoma to bone 
Primary hyperparathyroidism 
Multiple myeloma 
Sarcoidosis 

Tumorous release of PTH-like substance 
Hyperthyroidism 
Prolonged immobilization 
Decreased urinary excretion of calcium 
Renal failure (secondary hyperparathyroidism) 
Thiazide diuretics 

Increased gastrointestinal absorption 
Excess vitamin D intake 
Sarcoidosis 
Hyperparathyroidism 


Hypocalcemia 

Nutritional disorders 
Osteomalacia 
Rickets 
Malabsorption 
Hypoalbuminemia 
Hypoparathyroidism 
Pseudohypoparathyroidism 


Prostate-specific Antigen 

Prostate-specific antigen (PSA), a glycoprotein produced solely 
by prostatic epithelial cells, has emerged as the biochemical test 
of choice in detecting and staging prostate cancer (14). Mea¬ 
surement of the ratio of free to total PSA further increases the 
sensitivity of the test by detecting a significant number of tu¬ 
mors with total serum PSA values below the normal cutoff used 
to recommend biopsies in patients with normal digital rectal 
examinations (4.0 ng/mL) (15). PSA testing is best done in 
conjunction with the digital rectal examination, and it signifi¬ 
cantly increases the detection rate of prostate tumors com¬ 
pared to the physical examination alone (16). As with prostatic 
acid phosphatase, serum levels of PSA can elevate in benign 
conditions and following diagnostic procedures. Benign pro¬ 
static hyperplasia and acute and chronic prostatitis can result in 
increased PSA levels (17). Digital rectal examination does not 
consistently elevate PSA levels; however, it is advisable to wait 
at least 24 hours following examination prior to collecting 
blood samples (18). Similarly, sexual activity can elevate PSA 
serum levels for approximately a day (19). 


Immunologic Studies 

Rheumatoid Factors 

Rheumatoid factors (RF) are a family of immunoglobulins reac¬ 
tive with autologous immunoglobulin G (IgG). Although most 
of these anti-IgG autoantibodies are of the immunoglobulin M 
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(IgM) class, RF belonging to most of the other classes have also 
been discovered. Traditional tests for RF search for IgM RF; 
they are based on agglutination of either sensitized sheep ery¬ 
throcytes or antibody-coated latex particles. The sheep ery¬ 
throcyte procedure appears to be a more specific test for 
rheumatoid arthritis than the latex method, but it is less sensi¬ 
tive. It has been shown that the combination of positive results 
for RF by both methods is highly specific for rheumatoid arthri¬ 
tis (20). Many laboratories now measure rheumatoid factor di¬ 
rectly using enzyme-linked immunosorbent assays (ELISA) and 
report the results as units rather than titers. These methods may 
be more sensitive than the standard latex fixation method, al¬ 
though universal agreement is not found on this (21, 22). 

Because the RF in a patient can be of one or more antibody 
types, because it is polyclonal in origin, and because consider¬ 
able laboratory variation is seen in testing methods, it is not sur¬ 
prising that standard RF tests often fail to detect the presence of 
the antibody in patients with rheumatoid arthritis. Rheumatoid 
arthritis patients who have negative RF tests are said to be 
“seronegative.” Some seronegative patients will convert to pos¬ 
itive: however, this usually occurs during the first year of the 
disease. As more sensitive tests for rheumatoid factors are de¬ 
veloped, the number of seronegative cases of rheumatoid arthri¬ 
tis will diminish. Another source of confusion is that RF is not 
specific for rheumatoid arthritis. Table 11.5 summarizes the 
more common disorders associated with the presence of RF. It 
should be noted that levels of RF tend to be higher in the 
rheumatic diseases than in the nonrheumatic disorders. 

Rheumatoid arthritis seldom causes low back pain and al¬ 
most never produces low back pain without concurrent symp¬ 
tomatic involvement of the peripheral joints and cervical spine. 
Therefore, no justification is found for ordering a rheumatoid 
factor test in a patient with isolated low back pain. It must also 
be realized that a positive rheumatoid factor test is neither the 


Table 11.5 


Frequency of Rheumatoid Factor (RF) a 
in Various Disorders 


Condition 

Percent Seropositive 

Rheumatoid arthritis 

75-80 

Sjogren’s syndrome 

80-90 

Systemic lupus erythematosus 

30-50 

Progressive systemic sclerosis 

20-30 

(scleroderma) 

Mixed connective tissue disease 

20-30 

Hepatic cirrhosis 

20-30 

Polymyositis/dermatomyositis 

15-20 

Juvenile rheumatoid arthritis 

10-15 

Normal subjects 

3-15* 


^Measured by latex agglutination method; sensitivity is lower with sheep 
hemagglutination method. 

fc The higher values are seen in the elderly and are usually associated with 
low titers of RF. 


only, nor a mandatory, criterion for the diagnosis of rheuma¬ 
toid arthritis (23). 

Antinuclear Antibodies 

Antinuclear antibodies (ANA) are autoantibodies directed against 
antigenic components of cell nuclei, including nucleic acids and 
nucleoprotein complexes. These antibodies occur in many con¬ 
nective tissue diseases as well as a variety of other disorders. Al¬ 
though antinuclear antibody testing has traditionally been done by 
animmunofluorescent technique (IF-ANA, F-ANA), enzyme im¬ 
munoassays (E1A) have been developed that appear to perform as 
well or better than these IF assays. Many laboratories now screen 
samples with EIA and confirm positive results with IF assays us¬ 
ing human epithelial cells (HEp-2) (24, 25). 

As shown in Figure 11.2, dozens of specific AN As reactive 
with isolated cellular antigenic components have been de¬ 
scribed. Many of these autoantibodies are of research interest 
only at this time, whereas less than a dozen are of practical 
value for the physician. 

Although the connective tissue disorders seldom cause low 
back pain, the vague arthralgias accompanying the conditions 



Figure 11.2. Autoantibodies in rheumatic diseases. nRNP, nuclear ri- 
bonucleoprotein; PCNA, proliferating cell nuclear antigen; RAN A, 
rheumatoid arthritis nuclear antigen; RAP, rheumatoid arthritis precip¬ 
itin; ds, double stranded (native); ss, single stranded. 
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Table 11.6 


Frequency of Antinuclear Antibodies 
(ANA) in Various Disorders 

Condition Percent Positive 

Systemic lupus erythematosus 90—98 d 

Mixed connective tissue disease >95 

Progressive systemic sclerosis (scleroderma) 40—95 
Rheumatoid arthritis 30—60 

Polymyositis/dermatomyositis 20—50 

Sjogren’s syndrome 40—80 

Hepatic cirrhosis 20—30 

Elderly patients 10—20^ 

The higher values arc obtained with HEp-2 or enzyme-linked 
immunosorbent assay (ELISA) methods. 

^Usually low titers. 


may often prompt the ordering of a laboratory arthritic pro¬ 
file, which usually includes an ANA test. Isolated 
low back pain is not an indication for ANA testing. The ap¬ 
proximate incidence of ANA in various disorders is shown in 
Table 11.6. 

Laboratories typically report the results of the ANA assay 
as both an antibody titer and the pattern of fluorescence. The 
latter is determined by the specific autoantibody interaction 
with the nuclear antigens. It can be helpful, along with the 
clinical picture, in deciding which specific ANA assays should 
be ordered (Fig. 11.3). It must be emphasized that antinu¬ 
clear antibody test titers and pattern identification provide 
only presumptive evidence and must be interpreted in the 
overall clinical context. Although certain ANA types corre¬ 
late well with disease states (e.g., the high specificity of dou¬ 
ble stranded anti-DNA with systemic lupus erythematosus), 
in many other cases relatively low test sensitivity and speci¬ 
ficity are found. 



Ku SLE 

RfiNR MCTD 

I Sjogren's syndrome 

Scleroderma 

Polymyositis rr 

Dermatomyositis 
Sjogren's syndrome 
RR 


Figure 11.3. Patterns of ANA immunofluorescence. ANA, antinuclear antibodies; RNP, ribonucleopro- 
tein; PCNA, proliferating cell nuclear antigen; RAN A, rheumatoid arthritis nuclear antigen; RAP, rheuma¬ 
toid arthritis precipitin; ds, double stranded (native); SLE, systemic lupus erythematosus; RA, rheumatoid 
arthritis; MCTD, mixed connective tissue disease. 
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Human Leukocyte Antigen (HLA) System 

The HLA system, also referred to as the “major histocompati¬ 
bility complex” (MHC), consists of a series of genes on chro¬ 
mosome 6 and regulates the production of proteins serving as 
antigenic markers on cell membranes and participating in im¬ 
portant immune reactions. As can be seen in Figure 1 1.4, the 
MHC has several major categories, each of which has a series of 
numbered subcategories (alleles). Each parent contributes a 
haplotype, resulting in the offspring having up to two HLA 
antigens from each major category. Testing of peripheral blood 
lymphocytes establishes the HLA typing of an individual. 

The HLA-A, -B, and -C antigens are located on most nucle¬ 
ated cells in the body. HLA-D antigens are found primarily on 
lymphocytes and macrophages. The HLA system functions to 
regulate the immune response of the body, including the killing 
of viral-infected target cells by cytotoxic T lymphocytes, rec¬ 
ognizing foreign antigens, and controlling synthesis of comple¬ 
ment factors (26). In addition to the use of HLA typing in or¬ 
gan transplantation, it has become increasingly recognized that 
certain HLA types are associated with an increased frequency 
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Figure 11.4. The major histocompatibility complex (HLA system) on 
the short arm of chromosome 6. Because of reclassification, numbering 
of foci is no longer consecutive and number of foci assigned to each re¬ 
gion is subject to change. Class III proteins other than complement and 
factor B are only loosely linked to HLA. 


Table 11.7 


HLA-B27 Association with 
Various Disorders 

Condition Percent Positive 


Ankylosing spondylitis 

8 5—9 5 

Reiter’s syndrome 

70- 90 

Yersinia reactive arthritis 

40-95 

Enteropathic (inflammatory bowel 
disease) arthritis 

30-60 

Psoriatic arthritis 

20-50 

Normal (healthy) population 

3-8 


of disease states. Table 11.7 lists several rheumatic diseases that 
show a greater frequency of specific HLA types than is found in 
the normal population. 

The association of HLA-B27 with ankylosing spondylitis ini¬ 
tially led to its use as a screening test in patients with low back 
pain. Subsequently it was recognized that several factors prevent 
HLA-B27 testing from being an effective diagnostic test except in 
certain unusual circumstances. These factors include the occur¬ 
rence of the B27 antigen in up to 10% of the normal population, 
variation in the distribution of the B27 type among various ethnic 
groups, the association of B27 with other seronegative types of 
sacroiliitis and spondylitis, and the increased frequency of B27 in 
asymptomatic relatives of patients with ankylosing spondylitis. 
Because of its low predictive value (i.e., the ability to identify a 
specific illness in an unsclected patient population) HLA-B27 
testing is of no value as a screening test in low back pain patients. 
Similarly, typing would contribute little information in the pres¬ 
ence of obvious radiographic and clinical evidence of ankylosing 
spondylitis. At best, the test may prove helpful in cases with 
equivocal radiographic findings; a negative result in these cases 
would argue strongly against ankylosing spondylitis (27). 

Although several theories exist regarding the association of 
ankylosing spondylitis with HLA-B27, perhaps the most widely 
accepted is the concept of “molecular mimicry” in which the 
specific class I proteins produced by HLA-B27 so closely re¬ 
semble antigens of certain bacteria (perhaps Klebsiella or Proteus 
organisms) that the immune system becomes confused and pro¬ 
duces antibodies that attack both the bacteria and the HLA-B27 
proteins, triggering an inflammatory cascade (28). 


LABORATORY EVALUATION OF 
SPECIFIC DISORDERS 

Osteoporosis 

Osteoporosis, the diminution of bone density and mass, is a 
common disorder of the skeletal system producing consider¬ 
able morbidity in the elderly population and a significant 
economic burden on the health care system. Although it is pos¬ 
sible that uncomplicated osteoporosis can produce some dis- 
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comfort, most low back pain in osteoporotic patients is either 
caused by varying degrees of compression fracture or to con¬ 
current degenerative conditions. Routine laboratory tests, in¬ 
cluding measurements of serum calcium, phosphate, and alka¬ 
line phosphatase levels are most often normal in osteoporosis. 
Little reparative process follows an osteoporotic compression 
fracture and accordingly little change is seen in alkaline phos¬ 
phatase in that complication. 

Specialized testing can be useful in identifying those patients 
with increased bone turnover and the development of osteo¬ 
porosis. The most reliable indicators of loss of bone density are 
imaging procedures, including dual-energy x-ray absorptiom¬ 
etry (DXA) and quantitative computed tomography. Several 
potential biochemical markers of bone turnover exist, includ¬ 
ing serum alkaline phosphatase, urinary hydroxyproline, and 
serum Gla protein (osteocalcin). These laboratory tests either 
lack sensitivity or are impractical for widespread use. More re¬ 
cently developed and available in many laboratories is the mea¬ 
surement of urinary cross-linked N-telopeptides (NTx). As 
type I collagen fibers in osseous tissue degrade in osteoporosis 
and other disorders with increased bone turnover, the cross- 
linked N-telopeptides are released into the bloodstream and 
are subsequently filtered through the kidney. Elevated urine 
levels of cross-linked N-telopeptides are seen in osteoporosis, 
Paget’s disease, hyperthyroidism, and other diseases with 
degradation of collagen. Urinary N-telopeptide levels have 
been demonstrated to be sensitive markers of early osteoporo¬ 
sis and may be useful indicators of response to therapy (29—31). 

Lumbar Spine and Sacroiliac Infections 

Infections of the lumbar spine can involve either the interver¬ 
tebral disc or the vertebral body. Discitis is primarily a concern 


in children because the vascular supply to the disc diminishes in 
the adult. Discitis in adults is usually a complication of surgical 
intervention or is secondary to vertebral body osteomyelitis. 

Discitis in children is characterized by low back pain, diffi¬ 
culty in walking, local tenderness, and loss of spinal motion 
(32). Many, but not all, cases have constitutional symptoms, 
such as nausea, irritability, and fever. Radiographs may not 
show diagnostic changes until several weeks into the disease 
process, so the more sensitive procedure of radionuclide bone 
scanning should be considered early. The white blood cell to¬ 
tal and differential counts are often normal; however, the ESR 
is almost always elevated. Adult cases of discitis are often more 
difficult to diagnose because the condition typically follows 
lumbar disc surgery and, therefore, already some local dis¬ 
comfort often exists. The most reliable and earliest indicators 
of a postoperative discitis are the CRP and ESR. As discussed 
previously, elevations of CRP precede elevations of the ESR. 
The ESR is elevated in most postoperative patients during the 
first week; however, its elevation 2 or more weeks after 
surgery should prompt further investigation (4, 33). Bone 
scans in this type of patient are not reliable because the proce¬ 
dure is not sufficiently sensitive early in the case and because 
discectomy itself may cause an abnormal scan. In contrast to the 
ESR, the CRP offers an earlier and more sensitive marker of 
postsurgical discitis because of greater variation in the normal¬ 
ization period of the ESR in postoperative patients (Fig 11.5) 
(34). Magnetic resonance imaging appears to be sensitive to the 
vertebral end plate abnormalities in these patients, and it is in¬ 
dicated if the CRP or ESR fail to normalize within the expected 
recovery period following surgery (35, 36). 

Vertebral osteomyelitis is most common in the thoracic and 
lumbar regions and is most often seen in patients with pre¬ 
existing infections, especially involving the urinary tract. The 



Days after lumbar surgery 

Figure 11.5. Erythrocyte sedimentation rate (ESR) and C-reactive protein (CRP) after lumbar surgery. 
The CRP peaks sooner and returns to normal sooner than the ESR. Arrows mark the zones during which a 
second peak or a persistently elevated level of CRP or ESR may signify the occurrence of a postoperative 
discitis. ESR values more than 40 mm/h can be significant. (Adapted from Larsson S, Thelander U, Friberg 
S. C-reactive protein (CRP) after elective orthopedic surgery. Clin Orthop 1992;275:2 37-242.) 
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onset of the disease is often subtle, and the diagnosis may not 
be made for several months. The patient typically complains 
of back pain, often with sciatica, and psoas muscle irritability 
is frequently found (1). With acute infections, the patient may 
be febrile and may have localized tenderness, redness, and 
warmth, whereas with chronic infections, fever and local find¬ 
ings other than tenderness are uncommon (37). Chronic ver¬ 
tebral osteomyelitis can occur as a sequela to an inadequately 
treated acute osteomyelitis or it may occur as a result of an in¬ 
sidious infection with an organism of lower virulence. As with 
discitis, the white cell count is not a reliable indicator of in¬ 
fection, but the ESR is elevated in most of the cases. Further 
evaluation of suspected cases of osteomyelitis includes plain 
film radiography and radionuclide bone scanning. In acute os¬ 
teomyelitis, a lag of a week or more may occur between the 
onset of symptoms and the development of plain him findings 
of vertebral destruction. During this radiographic latent pe¬ 
riod, technetium-99 bone imaging has greater sensitivity. 
Indium-1 1 1 - labeled leukocyte scans and gallium-67 scans have 
the additional ability to detect extraosseous infection sites, 
including paraspinal abscesses (38, 39). In chronic os¬ 
teomyelitis, the plain film frequently shows abnormalities. 
Gallium-67 and indium-1 1 1 scans are more sensitive in 
chronic osteomyelitis than the standard technetium bone scan. 
MRI has high sensitivity and specificity for vertebral infections 
(40,41). 

Sacroiliac joint infections can mimic mechanical lesions of 
the low back, pelvis, and hip. As with vertebral osteomyelitis, 
sacroiliac inf ections may be the result of pyogenic organisms or 
a more insidious process, such as tuberculosis. Infection should 


be ruled out in all cases of unilateral sacroiliitis. Pain may be 
present in the low back, pelvis, and hip, and radicular symp¬ 
toms are common, along with dif ficulty in weightbearing and 
pain on joint compression (42). Children with sacroiliac joint 
infection complain of hip, thigh, and buttock pain, and often 
have a positive Patrick’s test as well as a painful limp (43). Al¬ 
most all cases of sacroiliac infection, whether in adults or chil¬ 
dren, have an elevated ESR. As with vertebral infections, the 
white blood cell count is unreliable. CT scanning is of particu¬ 
lar value in the diagnosis of sacroiliac joint inf ection. 

Multiple Myeloma 

Multiple myeloma is a hematologic malignancy in the lym¬ 
phoma family, characterized by the monoclonal proliferation of 
plasma cells and the resultant hypersecretion of immunoglob¬ 
ulins and their subunits. The disease occurs after age 30, with 
most cases found in the sixth and later decades. The replace¬ 
ment of normal bone marrow with neoplastic cells, the alter¬ 
ation of normal ratios of immunoglobulin synthesis by plasma 
cells, the secretion of osteoclast activation factors, and the 
damaging effects of immunoglobulin fragments on renal cells 
result in anemia, abnormal serum and urine protein levels, in¬ 
creased susceptibility to inf ections, osteolytic lesions, and im¬ 
pairment of renal function (44). 

The most common presenting symptom of myeloma is bone 
pain. Any marrow-containing bone is susceptible, with verte¬ 
bral involvement being common, especially in the thoracic and 
lumbar areas. Plain him radiographs of the area may reveal clas¬ 
sic multiple osteolytic lesions, but they are also likely to simply 
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Figure 11.6. Scrum protein evaluation in plasma cell dyscrasias. Sensitivity to protein abnormalities is 
greatest with immunoelectrophoresis and least with routine chemistry panels. Immunoglobulin abnormal¬ 
ities are typically within the y-globulin region; however, some migration into the beta region may occur. 
N, normal; >1 decreased; T, increased. 
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Figure 11.7. Serum "y-globulin electrophoretic patterns. Stimulation of multiple plasma cell types re¬ 
sults in polyclonal increases of 'y-globulin, whereas proliferation of a single plasma cell series results in a 
monoclonal increase. 


show osteopenia and are frequently entirely normal in early 
cases. These patients with negative radiographs frequently have 
abnormalities evident on MRI (45, 46). 

Clinical laboratory abnormalities occur before the osseous 
lesions become evident on imaging. Thus, unexplained bone 
pain in the middle-aged and older patient should prompt the 
ordering of appropriate blood and urine studies. The increased 
synthesis of immunoglobulins by the proliferating plasma cells 
produces quantitative and qualitative abnormalities in the 
plasma proteins. As shown in Figure 1 1.6 these changes can be 
detected by several methods. 

A routine chemistry panel might show elevations in the to¬ 
tal protein and globulin levels; however, hypergammaglobu¬ 
linemia is nonspecific. It is best to pursue any case of hyper¬ 
gammaglobulinemia with serum protein electrophoresis, 
which allows for a determination of which type of globulin is 
responsible for the elevation. The pattern of electrophoresis is 
extremelyhelpful in evaluating globulin elevations. Conditions 
that cause stimulation of multiple clones of plasma cells 
produce a “polyclonal gammopathy” in which a diffuse eleva¬ 
tion of several antibody types occurs. Such elevations are seen 
in chronic infections, connective tissue disease, sarcoidosis, 
chronic liver disease, and some lymphomas (Fig. 11.7). Multi¬ 
ple myeloma, in contrast, produces a monoclonal gammopathy 
that is revealed on protein electrophoresis as a narrow, homo¬ 
geneous peak in the gamma or beta region. This finding would 
then be followed by serum immunoelectrophoresis, which will 
identify the specific type of immunoglobulin present and verify 
the monoclonal nature of the gammopathy. Light chains can 
also be assessed at this time. Most cases of multiple myeloma 
are IgG, with a lesser number being IgA. Less than 5% are IgD, 
and only a few cases of IgE myeloma have been reported. An 
IgM monoclonal gammopathy is characteristic of Walden¬ 
strom’s macroglobulinemia. 


Excess production of free light chain portions of the im¬ 
munoglobulins is common in multiple myeloma. These light 
chains (Bence Jones protein) are rapidly cleared by the kid¬ 
ney and can be demonstrated by immunoelectrophoresis to 
be present in the urine (Fig. 11.8). Some types of Bence 
Jones protein can cause renal tubular damage. Because 15 to 
20% of the cases of multiple myeloma produce only light 
chains rather than complete immunoglobulins, if the clinical 
suggestion of myeloma is raised, urine immunoelec¬ 
trophoresis should be ordered along with the serum protein 
electrophoresis to ensure detection of almost all cases of 
myeloma. 

Secretion of osteoclast activation factors by the malignant 
plasma cells results in the lytic changes in bone and is accom¬ 
panied by hypercalcemia in many cases. Alkaline phosphatase 
levels usually remain normal because of the lack of osteoblast 
activity. Bone scans are often normal for this same reason. 

Suppression of erythropoiesis results in a normocytic ane¬ 
mia in most patients. Production of abnormal immunoglobu¬ 
lins causes the red blood cells to tend to clump together 
(rouleau), and this causes the ESR to increase (Table 11.8). 

Figure 11.9 summarizes the diagnostic evaluation of multi¬ 
ple myeloma. The diagnosis of multiple myeloma is fairly 
straightforward in the middle-aged or older patient with bone 
pain, bony lesions on radiograph, anemia, or increased ESR, 
along with a monoclonal gammopathy; however, a need is still 
seen for confirmation by bone marrow evaluation. The bone 
marrow study will show at least 10% abnormal plasma cells, a 
finding which, when accompanied by clinical symptoms and ei¬ 
ther marked monoclonal globulin elevations (usually exceeding 
3 g/dL), monoclonal light chains in the urine, or osteolytic le¬ 
sions, becomes diagnostic (47). As shown in Figure 1 1.7, other 
causes of a monoclonal gammopathy exist, and consultation 
with a hematologist is recommended. 
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Figure 11.8. Urine protein evaluation in multiple myeloma. Routine urinalysis doesnot detect increases 
in globulin. Monoclonal K or A light chains may be the only protein abnormality detected in up to 20% of 
patients with multiple myeloma. decreased; T, increased. 


Table 11.8 


Common Hematologic Findings in 
Multiple Myeloma 

Normocytic, normochromic anemia 
Normal or decreased reticulocyte count 
Rouleaux formation 

Elevated erythrocyte sedimentation rate 
Normal or low total white blood cell count 
Normal differential count or relative lymphocytosis 


Metastatic Carcinoma 

Because of the extensive vascular network of the spine, metas¬ 
tatic disease of the vertebra is a relatively common occurrence. 
Beside bone pain, clinical findings can include pathologic com¬ 
pression deformity and osteoblastic and osteolytic lesions. The 
alkaline phosphatase level can be elevated in osteolytic as well as 
osteoblastic lesions, although it is more consistently and 
markedly elevated in the latter. Lytic lesions can also cause the 
serum calcium level to rise. The ESR and CRP may be in¬ 
creased, but these tests are not sufficiently sensitive to be relied 
on in the decision process. Radionuclide bone scanning is sensi¬ 
tive to metastatic disease and is an important means of differen¬ 
tiating the bony involvement from that caused by osteomalacia, 
osteoporosis, multiple myeloma, and other osseous disorders. 

Metabolic Disorders 

A number of metabolic disorders can produce orthopaedic com¬ 
plaints. Osteomalacia is the adult version of rickets, in which is 
seen deficient bone mineralization caused by disturbances in the 
vitamin D pathway (e.g., vitamin D deficiency or malabsorp¬ 


tion), hypophosphatemia (e.g., malnutrition or malabsorption), 
or calcium deficiency. Symptoms of osteomalacia include bone 
pain and pelvic girdle muscle weakness. Radiographs may show 
diffuse osteopenia, which must be clinically differentiated from 
other causes (Table 1 1.9). Compression deformities of the ver¬ 
tebra can occur. Pseudofractures in the ribs, pelvis, or femurs 
would indicate osteomalacia rather than osteoporosis. Serum 
studies may show the calcium and phosphorus levels to be low- 
normal, and the alkaline phosphatase is usually elevated. Specific 
assays of the various forms of vitamin D are available. 

Hyperparathyroidism is an unusual cause of back pain be¬ 
cause most cases are detected before compression deformities 
can occur. In hyperparathyroidism caused by a parathyroid tu¬ 
mor or hyperplasia (primary hyperparathyroidism), the serum 
calcium level becomes elevated, while the phosphorus level 
drops. Measurement of the serum parathyroid hormone (PTH) 
level is important. Sensitive immunometric assays for PTH are 
now available that are not confused by circulating degradation 
fragments of PTH and are highly sensitive and capable of dif¬ 
ferentiating between hypercalcemia of primary hyperparathy¬ 
roidism and hypercalcemia of malignancy (48, 49). 

Cushing’s syndrome is hypercortisolism resulting from 
iatrogenic steroid excess, a pituitary lesion causing excessive 
corticotropin secretion (Cushing’s disease), or an adrenal ade¬ 
noma. The primary orthopaedic complication is the develop¬ 
ment of osteoporosis and vertebral compression fractures. 
Most of these patients will also be obese and hypertensive. If 
hypercortisolism is suspected, the initial test of choice is a 24- 
hour measurement of urine free cortisol, which will show ele¬ 
vated levels in most Cushing’s patients. 

Inflammatory Lumbar Sacroiliac Disorders 

Several inflammatory diseases, collectively referred to as 
“spondyloarthropathies,” affect the spine and pelvis. These con- 
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ditions include ankylosing spondylitis, reactive arthritis (Re¬ 
iter’s syndrome), enteropathic arthritis, and psoriatic arthritis. 
Many of these patients will be HLA-B27 positive, and it has 
been suggested that the HLA-B27 antigen somehow makes an 
individual susceptible to infection with an arthritigenic organ¬ 
ism (50). It is apparent that the process is multifactorial be¬ 
cause, as previously pointed out, ankylosing spondylitis and the 
other spondyloarthropathies can occur in the absence of the 
HLA-B27 antigen. Clinical indicators of an inflammatory dis¬ 
ease process include chronic low back pain of insidious onset in 
a young patient, morning stiffness, and relief of symptoms with 
exercise. In the absence of symptoms of inflammatory bowel 
disease (enteropathic arthritis), a personal or family history of 
psoriasis (psoriatic arthritis), or a recent episode of urethritis, 
cervicitis, conjunctivitis, or oral mucosal lesions (Reiter’s syn¬ 
drome), ankylosing spondylitis is the most likely diagnosis. Di¬ 
agnostic emphasis is placed on the plain film radiographs and, 
to a lesser extent, on bone scanning . As mentioned, HLA-B27 
testing is of limited value in the diagnostic evaluation of 
sacroiliitis and low back pain. 

An intriguing relationship is found between spondylo¬ 
arthropathies and intestinal inflammation. Changes in bowel 
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Figure 11.9. Sequence of laboratory evaluation in multiple myeloma. 
The combination of serum and urine protein studies enhances detection 
of the disease. 


Table 11.9 


I Causes of Vertebral Osteopenia 

Osteomalacia 

Osteoporosis 

Primary 

Endocrine related (e.g., Cushing’s syndrome, 
hyperparathyroidism, hyperthyroidism, diabetes mellitus) 
Multiple myeloma 
Metastatic lytic carcinoma 
Osteogenesis imperfecta 


flora and increased intestinal mucosal permeability may allow 
abnormal entrance of microbes, including Klebsiella and Proteus 
species, linked to spinal inflammatory diseases to cause exces¬ 
sive antigen stimulation (51). Intestinal permeability can be 
evaluated through the determination of the absorption ol dif¬ 
ferent polysaccharides (e.g., mannitol and lactulose). Spe¬ 
cialty laboratories performing permeability tests also typically 
provide comprehensive stool evaluations, including the iden¬ 
tification of disturbances in the bacterial flora. It has been sug¬ 
gested that the management of patients with ankylosing 
spondylitis could include dietary measures to reduce the quan¬ 
tity of Klebsiella microbes in the gut (52). Serial stool analyses 
can be used to follow changes in bowel flora following dietary 
intervention. 

Polymyalgia Rheumatica 

Polymyalgia rheumatica is a clinical syndrome of unknown 
cause that is characterized by muscle pain in the shoulder and 
pelvic girdles, constitutional symptoms, an elevated erythro¬ 
cyte sedimentation rate, and a high incidence of temporal ar¬ 
teritis. It is primarily a disease of the elderly, with occurrence 
in patients less that 50 years of age being rare. Patients with 
polymyalgia rheumatica often have diffuse low back or pelvic 
pain and tenderness, typically accompanied by neck or shoul¬ 
der pain. Although the onset is often sudden, in other cases it 
is gradual and the patient may initially be treated for a diagno¬ 
sis of fibromyalgia for weeks to months. Patients may com¬ 
plain of vague constitutional symptoms such as fatigue, low- 
grade fever, and anorexia (53). Although the symptoms of 
polymyalgia rheumatica can cause disability, of greater con¬ 
cern is the temporal arteritis (giant cell arteritis) that so often 
accompanies the disease. The arteritis, in addition to causing 
headache and local tenderness, can result in loss of vision, 
cerebral ischemia, and jaw claudication. In almost all cases of 
polymyalgia rheumatica, the ESR and CRP are elevated (54). 
If the clinical suggestion of the condition is slight, the normal 
ESR and CRP studies rule out the diagnosis; however, if sus¬ 
picion is strong, a normal ESR and CRP tests should not pre¬ 
clude further investigation (55, 56). The few patients with an 
ESR less than 40 mm/h tend to have a less severe clinical pre¬ 
sentation (57). 
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Polymyositis 

Polymyositis is an inflammatory muscle disease producing 
weakness in the shoulder and pelvic girdles. Clinical features 
include progressive proximal muscle weakness, difficulty in 
ambulation, and minimal pain or tenderness (unlike polymyal¬ 
gia rheumatica). A skin rash may occur on the face and hands 
(dermatomyositis). Although low back pain is not present, the 
condition is considered in the differential diagnosis of lower ex¬ 
tremity weakness. The diagnosis is based on the symmetric in¬ 
volvement of the proximal muscles, abnormal serum levels of 
the muscle enzymes (creatine kinase [CK], aspartate amino¬ 
transferase [AST, SGOT], and lactic dehydrogenase [LDH]), 
and a characteristic electromyogram (58). Specific antinuclear 
antibodies have been found, including PM-1 and Jo-1, but the 
sensitivity of these has varied, and they have not been widely 
adopted for clinical use. 

Acquired Immunodeficiency 
Syndrome (AIDS) 

A disease of the immune system, AIDS is caused by the human 
immunodeficiency virus (HIV). Infected persons are suscepti¬ 
ble to opportunistic infection from several organisms and can 
manifest symptoms from both the primary HIV infection and 
the secondary infection. Of particular importance to the chi¬ 
ropractic physician is the high frequency of musculoskeletal 
complaints in HIV-infected persons, with some type of 
rheumatic manifestation in up to 75% of these patients. A frank 
arthritis affecting one or more joints occurs in approximately 
10% of HIV-infected patients, and intermittent or acute 
arthralgias occurs in almost 45% (59). Involvement of the 
knees is most common, followed in order of frequency by the 
shoulders, elbows, ankles, neck, wrists, sacroiliac joints, hips, 
hands, feet, and lumbar spine. An increased incidence of Re¬ 
iter’s syndrome has been noted to occur, which may be the re¬ 
sult of the immunosuppression allowing for infection with 
arthritigenic organisms. HIV patients, particularly intravenous 
drug abusers, are also at risk of secondary skeletal infections, 
including vertebral osteomyelitis (60). Testing for HIV infec¬ 
tion should be considered in male homosexuals, hemophiliacs, 
intravenous drug users, or other high-risk individuals who 
complain of joint pain. 

Lyme Disease 

Lyme disease is a systemic disorder with a significant arthritic 
component. It is named after an outbreak of recurrent joint 
pain in many residents of Old Lyme, Connecticut, in 1975. 
Since that time, the disease has been reported across the 
United States, particularly in the upper Midwest and North¬ 
east. The disease is caused by infection with a spirochete ( Bor- 
relia burgdorferi) transmitted through the bite of a tick. In most 
patients, the disease is heralded by a slowly enlarging anular 
skin lesion (erythema chronicum migrans) developing at the 


site of inoculation, accompanied by malaise, headache, arthral¬ 
gias, and fever. Back pain occurs in approximately one fourth 
of the patients (61). The rash and constitutional symptoms last 
approximately 1 month if untreated, but can recur. Over the 
next several months (perhaps years), the patient may experi¬ 
ence recurrent arthralgias, heart block, and neurologic abnor¬ 
malities. In approximately 10% of the patients, chronic knee 
arthritis develops. 

Early in the course of Lyme disease, at a point when back¬ 
ache occurs, the ESR may be elevated. The diagnosis is sup¬ 
ported by an elevated antibody titer to the B. burgdorferi; how¬ 
ever, commercial assays for the antibody may provide 
false-positive or false-negative results. When presumptive evi¬ 
dence of Lyme disease is found, based on the history, physical 
examination and nonspecific laboratory data, then a two-step 
antibody testing process is recommended to further support 
the diagnosis (Fig. 11.10) (62, 63). 

Paget's Disease 

Paget’s disease (osteitis deformans) is characterized by an ab¬ 
normal structural arrangement of bone in which there is dis¬ 
organized activity of the osteoblasts and osteoclasts. This con¬ 
dition is of unknown cause and it primarily affects elderly 
patients. The disease progresses through stages of excessive 
bone resorption and excessive bone formation. Most patients 
are asymptomatic, with their disease discovered incidentally 
in the evaluation of another complaint. Although low back 
pain is classically described as a common feature of Paget’s dis¬ 
ease, it appears that the pain is most often caused by an ac¬ 
companying osteoarthritis rather than to the pagetic process 
itself (64). Laboratory evaluation shows the serum alkaline 
phosphatase level to be markedly elevated. If a patient with 
known Paget’s disease develops increased pain and a sudden 
rise in the already elevated alkaline phosphatase level, the de¬ 
velopment of a sarcoma should be suspected. In addition to 
serum alkaline phosphatase levels, urine levels of cross-linked 
N-telopeptides (NTx) and hydroxyproline are usually ele¬ 
vated as a result of the degradation of the involved type I col¬ 
lagen (65). 

Infective Endocarditis 

Subacute infective endocarditis is an infection, usually bacter¬ 
ial, of the endocardium in patients with an existing cardiac de¬ 
fect. The development of symptoms is often quite insidious, 
and the diagnosis may not be made for weeks or months. The 
classic features of subacute endocarditis, consisting of low- 
grade fever, anorexia, murmur, and embolic phenomena, are 
well known by physicians, but often unappreciated is the fre¬ 
quent occurrence of musculoskeletal complaints. As many as 
one fourth of patients with subacute endocarditis have low back 
pain, and in many this is the presenting complaint (66, 67). 
Moderate to severe low back pain, buttock pain, sacroiliac ten¬ 
derness, and flank pain have all been noted in patients with en- 
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Figure 11.10. Two-step approach to serologic diagnosis of Lyme disease. Bb, Borrelia burgdorferi; ELISA, 
enzyme-linked immunosorbent assay; IF A, immunofluorescent assay. 


docarditis (68). The white blood cell count is often normal and 
regional radiographs usually are negative, although signs of os¬ 
teomyelitis or discitis may be seen. The sedimentation rate is 
elevated in approximately 75% of the cases, whereas the CRP 
is elevated in almost all cases (96%) (69). Echocardiography 
provides strong presumptive evidence, and the diagnosis of in¬ 
fectious disease is usually confirmed by blood cultures. 


REFERENCES 

1. Ross PM, Fleming JL. Vertebral body osteomyelitis. Clin Orthop 
1976;118:190-198. 

2. Frederickson B, Yuan H, Olans R. Management and outcome of 
pyogenic vertebral osteomyelitis. Clin Orthop 1978;131:160-167. 

3. Paus B. Tumour, tuberculosis and osteomyelitis of the spine. Acta 
Orthop Scand 1973;44:372-382. 

4. Bircher Ml), Tasker T, Crawshaw C, et al. Discitis following lum¬ 
bar surgery. Spine 1988;13:98-102. 

5. Jonsson B, Sodenholm R, Stromqvist B. Erythrocyte sedimentation 
rate after lumbar spine surgery. Spine 1991;16:1049-1050. 

6. Nashel DJ. Petrone DL, Ulmer CC, et al. C-reactive protein: a 
marker for disease activity in ankylosing spondylitis and Reiter’s 
syndrome. J Rheumatol 1986; 1 3:364 -367. 

7. Wolf PL. Clinical significance of an increased or decreased serum 
alkaline phosphatase level. Arch Pathol Lab Med 1978; 102: 
497-501. 


8. Griffiths J, Black J. Separation and identification of alkaline phos¬ 
phatase isoenzymes and isoforms in serum of healthy persons by 
isoelectric focusing. Clin Chem 1987; 3 3:2 1 71 2177. 

9. Sandstrom J, Ailing C, Wallerstedt S. Laboratory tests as indica¬ 
tors of alcohol consumption in patients with chronic low back pain. 
Acta Med Scand 1988;224:269 273. 

10. Mayne PD, Thakrar S, Rosalki SB, et al. Identification of bone and 
liver metastases from breast cancer by measurement of plasma alka¬ 
line phosphatase isoenzyme activity. J Clin Pathol 1987;40:398 ^40 3. 

1 1. Scott JT. Uric acid and the interpretation of hyperuricemia. Clin 
Rheum Dis 198 3;9:241-255. 

1 2. Kaplan LA, Chen 1, Sperling M, e t al. Clinical utility of serum pro¬ 
static acid phosphatase measurements for detection (screening), di¬ 
agnosis, and therapeutic monitoring of prostatic carcinoma; and 
therapeutic monitoring of prostatic carcinoma; assessment of mon¬ 
oclonal and polyclonal enzymes and radioimmunoassays. Am J Clin 
Pathol 1985;84:334 -339. 

1 3. Lowe FC, Trauzzi SJ. Prostatic acid phosphatase in 1993. Its lim¬ 
ited clinical utility. Urol Clin North Am 1993;20:589 595. 

14. Oesterling JE. Prostate specific antigen: a critical assessment of the 
most useful tumor marker for adenocarcinoma of the prostate. J 
Urol 1991;145:907-92 3. 

15. Partin AW, Kattan MW, Subong ENP, et al. Combination of 
prostate-specific antigen, clinical stage, and Gleason score to pre¬ 
dict pathological stage of localized prostate cancer. A multi- 
institutional update. JAMA 1997;277:1445—145 1. 

16. Catalona WJ, Smith DS, Ratliff TL, et al. Detection of organ- 
confined prostate cancer is increased through prostate-specific anti¬ 
gen-based screening. JAMA 1993;270:948-954. 

17. Nadler RB, Humphrey PA, Smith DS, et al. Effect of inf lammation 







524 Low Back Pain 


and benign prostatic hyperplasia on elevated serum prostate spe¬ 
cific antigen levels. J Urol 1995; 1 54:407-41 3. 

18. Ornstein DK, Rao GS, Smith DS, etal. Effect of digital rectal ex¬ 
amination and needle biopsy on serum total and percentage of free 
prostate specific antigen levels. J Urol 1997;157:195-198. 

19. Herschman JD, Smith DS, Catalona WJ. Ef fect of ejaculation on 
serum total and free prostate-specific antigen concentrations. 
Urology 1997; 50:239—243. 

20. Goodman LA, Pisko EJ, Foster SL, et al. Analysis of combined 
rheumatoid factor determinations by the rheumatoid arthritis latex 
and sheep cell hemagglutination tests and the American Rheuma¬ 
tism Association criteria for rheumatoid arthritis. J Rheumatol 
1987;14:234-239. 

21. Adebajo AO, Wright JK, Cawston TE, et al. Rheumatoid factor 
quantitation: a comparison of ELISA and nephelometric methods. 
Med LabSci 1991;48:47-51. 

22. Banchuin N, Janyapoon K, Sarntivijai S, et al. Re-evaluation of 
ELISA and latex agglutination test for rheumatoid factor detection 
in the diagnosis of rheumatoid arthritis. Asian Pac J Allergy Im¬ 
munol 1992;10:47-54. 

2 3. Rheumatoid Arthritis Criteria Subcommittee of the Diagnostic and 

Therapeutic Criteria Committee of the ARA. The American Rheu¬ 
matism Association 1987 revised criteria for the classification of 
rheumatoid arthritis. Arthritis Rheum 1988;31:315-324. 

24. Gniewek RA, Stites DP, McHugh TM, et al. Comparison of anti¬ 
nuclear antibody testing methods: immunofluorescence assay ver¬ 
sus enzyme immunoassay. Clin Diagn Lab Immunol 1997;4:185— 
188. 

25. Jaskowski TD, Schroder C, Martins TB, etal. Screening for anti¬ 
nuclear antibodies by enzyme immunoassay. Am J Clin Pathol 
1996;105:468-473. 

26. Schiffenbauer J, Schwartz B. The HLA complex and its relationship 
to rheumatic diseases. Rheum Dis Clin North Am 1987; 13: 
463-485. 

27. Hollingsworth PN, Owen ET, Dawkins RL. Correlation of HLA 
B27 with radiographic abnormalities of the sacroiliac joints and 
with other stigmata of ankylosing spondylitis. Clin Rheum Dis 
1983;9:307-322. 

28. Ebringer A, Ahmadi K, Fielder M, et al. Molecular mimicry: the 
geographical distribution of immune responses to Klebsiella in 
ankylosing spondylitis and its relevance to therapy. Clin Rheuma¬ 
tol 1996; 15(Suppl 1):57-61. 

29. Schneider DL, Barrett-Connor EL. Urinary N-telopeptide levels 
discriminate normal, osteopenic, and osteoporotic bone mineral 
density. Arch Intern Med 1997; 157:1 241 — 1245. 

30. Chesnut CH 3rd, Bell NH, Clark GS, et al. Hormone replacement 
therapy in postmenopausal women: urinary N-telopeptide of type 
I collagen monitors therapeutic effect and predicts response of 
bone mineral density. Am J Med 1997;102:29-37. 

3 1. Rosen CJ, Chesnut CH 3rd, Mallinak NJ. The predictive value of 

biochemical markers of bone turnover for bone mineral density in 
early postmenopausal women treated with hormone replacement 
or calcium supplementation. J Clin Endocrinol Metab 1997; 
82:1904-1910. 

32. Moskal MJ, Villar LA. Childhood diskitis: report of 2 cases and 
review of the literature. J Am Osteopath Assoc 1986;86: 
170-174. 

3 3. Kornberg M. Erythrocyte sedimentation rate following lumbar dis¬ 
cectomy. Spine 1986; 1 1:766—767. 

34. Larsson S, Thelander U, Friberg S. C-reactive protein (CRP) after 
elective orthopedic surgery. Clin Orthop 1992;275:237-242. 

35. Schulitz KP, Assheuer J. Discitis after procedures on the interver¬ 
tebral disc. Spine 1994; 19:1172-1177. 

36. Postacchini F, Cinotti G, Perugia D. Post-operative intervertebral 
discitis. Evaluation of 1 2 cases and study of ESR in the normal post¬ 
operative period. Ital J Orthop Traumatol 1993;19:57-69. 


37. Wheat J. Diagnostic strategies in osteomyelitis. Am J Med 1985 ;78 
(Suppl 6B):2 18—224. 

38. Palestro CJ. The current role of gallium imaging in infection. 
Semin Nucl Med 1994;24:128-141. 

39. Lisbona R, Derbekyan V, Novales-Diaz J, et al. Gallium-67 scintig¬ 
raphy in tuberculous and nontuberculous infectious spondylitis. J 
Nucl Med 1993;34:853-859. 

40. Rothman MI, Zoarski GH. Imaging basis of disc space infection. 
Semin Ultrasound CT MR 1993;14:437-445. 

41. Torda AJ, Gottlieb T, Bradbury R. Pyogenic vertebral os¬ 
teomyelitis: analysis of 20 cases and review. Clin Infect Dis 
1995;20:320-328. 

42. Pouchot J, Vinceneux P, Barge J, et al. Tuberculosis of the sacroil¬ 
iac joint, outcome, and evaluation of closed needle biopsy in 11 
consecutive cases. Am J Med 1988;84:622-628. 

43. Reilly JP, Gross RH, Emans JB, et al. Disorders of the sacro-iliac 
joint in children. J Bone Joint Surg 1988;70A: 31-40. 

44. Osserman EF, Merlini G, Butler VP. Multiple myeloma and related 
plasma cell dyscrasias. JAMA 1987;258:2930-2937. 

45. Pertuiset E, Bellaiche L, Liote F, et al. Magnetic resonance imag¬ 
ing of the spine in plasma cell dyscrasias. A review. Rev Rhum Engl 
Ed 1996;63:837-845. 

46. Moulopoulos LA, Varma DG, Dimopoulos MA, et al. Multiple 
myeloma: spinal MR imaging in patients with untreated newly di¬ 
agnosed disease. Radiology 1992;185:833-840. 

47. Kyle RA. Diagnostic criteria of multiple myeloma. Hematol Oncol 
Clin North Am 1992;6:347- 358. 

48. Gao P, Schmidt-Gayk H, Dittrich K, etal. Immunochemilumino- 
metric assay with two monoclonal antibodies against the N-termi- 
nal sequence of human parathyroid hormone. Clin Chim Acta 
1996;245:39-59. 

49. Kao PC, van Heerden JA, Grant CS, et al. Clinical performance of 
parathyroid hormone immunometric assays. Mayo Clin Prod 1992; 
67:637-645. 

50. McGuigan LE, Geczy AF, Edmonds JP. The immunopathology of 
ankylosing spondylitis—a review. Semin Arthritis Rheum 1985; 
15:81-105. 

5 1. Mielants H, De Vos M, Cuvelier C, et al. The role of gut inflam¬ 
mation in the pathogenesis of spondyloarthropathies. Acta Clin 
Belg 1996;51:340-349. 

52. Ebringer A, Wilson C. The use of a low starch diet in the treatment 
of patients suffering from ankylosing spondylitis. Clin Rheumatol 
1996;January 1 5(Suppl 1):62—66. 

5 3. Allen NB, Studenski SA. Polymyalgia rheumaticaand temporal ar¬ 
teritis. Med Clin North Am 1986;70:369-384. 

54. Pountain GD, Calvin J, Hazleman BL. Alpha 1-antichymotrypsin, 
C-reactive protein and erythrocyte sedimentation rate in poly¬ 
myalgia rheumatica and giant cell arteritis. Br J Rheumatol 1994; 
33:550-554. 

55. Sox HC, Liang MH. The erythrocyte sedimentation rate: guide¬ 
lines for rational use. Ann Intern Med 1986;104:515-523. 

56. Myklebust G, Gran JT. A prospective study of 287 patients with 
polymyalgia rheumatica and temporal arteritis: clinical and labora¬ 
tory manifestations at onset of disease and at the time of diagnosis. 
Br J Rheumatol 1996;35:1 161-1 168. 

57. Gonzalez-Gay MA, Rodriguez-Valverde V, Blanco R, et al. Poly¬ 
myalgia rheumatica without significantly increased erythrocyte 
sedimentation rate: a more benign syndrome. Arch Intern Med 
1997;157:317-320. 

58. Hochberg MC, Feldman D, Stevens MB. Adult onset polymyosi¬ 
tis/dermatomyositis: an analysis of clinical and laboratory features 
and survival in 76 patients with review of the literature. Semin 
Arthritis Rheum 1986;15:168-178. 

5 9. Berman A, Espinoza LR, Diaz J D, e t al . Rheumatic manifestations of 
human immunodeficiency virus infection. AmJ Med 1988;85:59-64. 

60. Munoz FS, Cardenal A, Balsa A, et al. Rheumatic manifestations in 



Chapter 11 Laboratory Evaluation 525 


556 patients with human immunodeficiency virus infection. Semin 
Arthritis Rheum 1991;21:30-39. 

61. Goldings EA, Jericho J. Lyme disease. Clin Rheum Dis 1986; 12: 
342-367. 

62. Centers for Disease Control and Prevention. Recommendations 
for test performance and interpretation from the Second National 
Conference on Serologic Diagnosis of Lyme Disease. MMWR 
1995;44:590-591. 

63. FDA Center for Devices and Radiological Health, Office of Device 
Evaluation. Public Health Advisory: limitations, use and interpre¬ 
tation of assays for supporting a clinical diagnosis of Lyme disease. 
July 7, 1997. 

64. Altman RD, Brown M, Gargano F. Low back pain in Paget’s dis¬ 
ease of bone. Clin Orthop 1987;217:152—161. 

65. Alvarez L, Peris P, Pons F, et al. Relationship between biochemi¬ 


cal markers of bone turnover and bone scintigraphic indices in as¬ 
sessment of Paget’s disease activity. Arthritis Rheum 1997;40: 
461-468. 

66. Churchill MA, Geraci JE, Hunder GG. Musculoskeletal manifes¬ 
tations of bacterial endocarditis. Ann Intern Med 1977;87: 
754-759. 

67. Harkonen Ml, Olin PE, Wennstrom J. Severe backache as a pre¬ 
senting sign of bacterial endocarditis. Acta Med Scand 1981;210: 
329-331. 

68. Roberts-Thomson PJ, Rischmueller M, Kwiatek RA, et al. Rheu¬ 
matic manifestations of infective endocarditis. Rheumatol lnt 
1992;12:61-63. 

69. Hogevik H, Olaison L, Andersson R, Alestig K. C-reactive protein 
is more sensitive than erythrocyte sedimentation rate for diagnosis 
of infective endocarditis. Infection 1997;25:82- 85. 



THIS PAGE INTENTIONALLY 

LEFT BLANK 




Care of the Intervertebral Disc Patient 


James M. Cox, DC, DACBR 


There is one thing stronger than aJJ the world, and that is an idea 
whose time has come. 

—Victor Hugo 


chapter 


12 


COST AND OUTCOME CONSIDERATION OF 
BACK CARE 

Characteristics of Low Back Pain Patients 

Persistent low back pain is most common among white, well- 
educated, affluent, employed people in their mid to late 30s 
and early to mid 40s, who have had low back pain intermit¬ 
tently for 10 years; report significant functional impairment at 
work, at play, and at home; and do not display significant psy¬ 
chological distress. Most patients have spondylitic abnormali¬ 
ties involving root compression or lumbar instability or both, 
with root compression as the primary cause of the complaint. 
Myofascial syndrome and lumbar instability are the next most 
common diagnoses. Three of five persistent low back pain pa¬ 
tients are prescribed an additional course of conservative ther¬ 
apy, one in five is prescribed surgery, and the rest are pre¬ 
scribed no treatment. Chronic pain syndrome patients are 
characterized by significant behavioral and psychological co¬ 
morbidities (1). 

Prevalence and Cost of Low Back 
Pain Treatment 

People who repetitively lift more than 40 pounds each day are 
three times more likely to have low back pain than those who 
lift less than 10 pounds. During a lifetime, 60 to 80% of per¬ 
sons will develop low back pain, 5% annually develop it, and 
1 5 to 20% have symptoms at any given time (2). 

There are 5.2 million low back disabled Americans with 
2.6 million permanently disabled. Temporary or permanent 
disability costs 80% of the expense in treating low back pain 
patients. Surgical rates in the United States are approximately 
100 per 100,000 population. Direct and indirect medical costs 


are between $50 and $100 billion annually, with 75% attrib¬ 
uted to the 5% who become disabled (2). Approximately 95% 
of the cost of low back pain goes to 25% of the sufferers (3). 

Ten percent of chronic low back pain patients account for 
80% of the cost of care and 90% of low back pain patients are 
well within 6 weeks. The few who develop chronic pain and 
disability account for up to 70 to 90% of the costs of back pain 
in health care, work loss, social security, and compensation. 
General practitioners treat acute low back pain with rest and 
analgesia for 96% of their patients, physiotherapy for 73%, 
manipulation for 19%, and traction is requested for 8% (4). 

Chronic Low Back Pain Costs Are High 

Total costs for 157 workers with chronic back pain (average 
age 38 years), 1 31 men and 26 women; out of work for an av¬ 
erage of 10 weeks, combining both medical and compensation 
expenses, totaled $6,188,867 for the 157 cases, which aver¬ 
ages out to $39,419 for each worker (5). In 84% of the cases, 
the total cost exceeded $ 10,000. A patient who had leg pain 
cost $ 18,000 more than a patient with back pain. 

An abnormal x-ray study or computed tomography (CT) 
scan boosted the cost of a typical case by nearly $50,000. Lit¬ 
igation was associated with an extra $26,000 per case (5). 

Chronic low back pain disability is the most expensive be¬ 
nign condition in industrial countries. It is also the number one 
cause of disability in persons under age 45. After 45, it is the 
third leading cause of disability (4). 

In 1990, the total annual cost of back care in the United 
States was $85 billion, with the direct costs being 20 to 33% 
and indirect costs 67 to 80% of the total expenditure. The 
mean cost per industrial back injury claim from 1986 to 1988 
in 45 states was $6800, with a median cost of $400. Chronic 
back pain patients account for only about 10% of the total 
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number of back pain sufferers, but they account for 50 to 85% 
of the cost (6, 7). 

Of the 20 to 25% of adult Americans who have at least one 
episode of back pain care every 3 to 5 years, most will be well 
within a month with few practitioner visits. Five percent of the 
patients will have four or more episodes of back pain care dur¬ 
ing this time frame, and about 8% of episodes last longer than 
6 months and involve more than 20 practitioner visits (8). 

After care, 66 to 75% of people continue to have at least 
mild back pain 1 month after seeking care and 3 3% have mod¬ 
erate pain. At 1 year, 3 3% report intermittent or persistent 
pain, with one of seven reporting severe pain (9). At 15-year 
follow-up, 1 75 of 5 1 3 patients reported recurrent episodes of 
pain and 47 reported continuous pain (10). 

Low back pain cases at Liberty Mutual Insurance Company 
represented 16% of all claims but 3 3% of all claims costs in 
1 989; the mean cost per case was $832 1 and the median cost 
per case was $ 396. Medical costs represented 3 2.4% of the to¬ 
tal costs; indemnity costs (i.e., payment for lost time) repre¬ 
sented 65% (11). 

In patients seeking care, 5 5% saw an orthopaedic surgeon, 
64% a primary care doctor, 25% a chiropractor, and 29% a 
physical therapist. Chiropractor mean number of visits was 
1 5.7, whereas for a physical therapist it was 1 7.2 visits. Chiro¬ 
practic patients were more likely to be users of all types of 

medical care; more likely to be employed, white, insured, in 
good health; have a higher income; and were more likely dis¬ 
abled and to have less severe current pain (12). 

Cost of Intense Exercise Stabilization for 
Chronic Low Back Pain Patients 

Intensive pelvic stabilization exercises to isolate and rehabili¬ 
tate the lumbar spine musculature in 895 chronic low back pain 
patients showed 76% of patients completing the program had 
excellent or good results with maintenance of the improve¬ 
ment in 94% of patients 1 year later. The average cost of the 
entire program including all physician fees and home exercise 
equipment was $ 2 2 5 0 (1 3). 

Is intense exercise stabilization for chronic low back pain 
cost effective? Answer: Programs for chronic lumbar pain usu¬ 
ally cost much more, sometimes over $ 10,000. For compari¬ 
son, in the city, magnetic resonance imaging (MRI) costs 
$1000, a discogram $2000, and a single epidural injection 
$690. A program costing $10,000 to $15,000 would be very 
cost effective if the patient returned to gainf ul employment and 
stayed out of the health care system. Nelson et al. ’s study (12) 
suggests that aggressive exercise is a valuable, cost-effective 
treatment for chronic low back pain. 

Low Back Pain Better Treated Outpatient 
Than Hospitalized 

Diagnostic testing accounts for half the hospitalizations in the 
United States for patients with nonspecific back pain and her¬ 
niated discs and the other half for pain control. Forty percent 


of patients are admitted by family physicians or internists, and 
40% by orthopaedic or neurologic surgeons. Most of the tests 
and treatments identified are known to be safe in the outpatient 
setting. Many hospitalizations for “medical back problems” are 
unnecessary because the tests and treatments are safe in the 
outpatient setting, suggesting a need for improved outpatient 
and home-based alternatives to hospitalization (14). 

Chiropractic Physicians Are Positioned as 
Outpatient Clinicians 

Chiropractic physicians are trained as outpatient clinicians, ca¬ 
pable and accustomed to working within restricted parameters 
of diagnostic facilities while being forced to make competent 
clinical impressions on which to build treatment protocol. Per¬ 
haps no other member of the health profession has been 
so highly trained in the clinical practice arena without the so¬ 
phistication of radiology and laboratory facilities for detailed 
workups. The chiropractic doctor is highly skilled in using fac¬ 
ulties of observation, palpation, plain x-ray study, and clinical 
diagnosis to evaluate patients. It seems that such training is 
what is being called for in medicine today—a time of cost con¬ 
servation with a demand for continued quality care. Chiro¬ 
practic can thank its ancestors for their insight in preparing our 
profession for this time in conservative health care delivery. 

Geography Determines Surgical Rates 

A growing realization is found that a patient’s chances of hav¬ 
ing surgery may be determined as much by longitude and lati¬ 
tude as by symptoms and signs. A ninefold difference in fusion 
surgery rates is seen among regions of the United States and a 
1 2 times difference in back surgery rates between cities 200 
miles apart in New England. Most forms of spine surgery have 
not been subjected to systematic scientific assessment. An ap¬ 
parent correlation exists between the per capita number of 
spine surgeons and the surgery rate (15). 

Surgical rates for the treatment of low back pain increases if 
a Blue Cross Blue Shield of Iowa subscriber is a woman or older 
than 44 years of age (16). The surgery is more likely to take 
place in hospitals with an occupancy rate less than 62%, fewer 
than 774 staff members, fewer than 257 beds, or no residency 
programs (12). The total number of spine operations in the 
United States approaches half a million annually with 319,000 
disc excisions performed in 1 992 (17). 

Only Cesarean Section and Tubal Ligation 
Instigate More Hospitalizations Than 
Back Surgery 

The rate of back surgery in the United States is 40% higher than 
in any other country and five times greater than England and 
Scotland. Back surgery rates increased almost linearly with the 
per capita supply of orthopaedic and neurosurgeons in the 
country. Back surgery ranks only behind cesarean section and 
tubal ligation as a cause of surgical hospitalization (18). 
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Children with Disabling Back Pain 

One third of all school children have back pain at some time, 
and about 15% of all children have disabling pain or have re¬ 
ceived medical care for back pain (19). 

No Treatment May Be Best Treatment 

Patients (316) treated by chiropractors and physical therapists 
reported that 47% treated by physical therapy thought that the 
treatment made the situation worse, 32% found little or no ef¬ 
fect, and 21 % a good effect. Of those treated by chiropractic 
39% reported that their condition worsened, 3 1 % little or no 
effect, and 30% a good effect. The data from the patients sug¬ 
gest that chiropractic treatments were somewhat better than 
physiotherapy. It is noted that the number of patients whose low 
back pain worsened was higher than the number that benefited 
f rom either physiotherapy or chiropractic treatments (20). 

STAGING OF LOW BACK PAIN BY TIME 

• Acute low back pain is 6 weeks or less 

• Subacute low back pain is 6 to 12 weeks 

• Chronic low back pain is 1 2 weeks or longer 

Low back pain is the most common cause of disability in per¬ 
sons under 45 years old. Eighty to 90% of low back pain attacks 
resolve within 6 weeks (21). 

FACTORS AFFECTING LOW BACK PAIN 
PROBABILITY AND SEVERITY 

Pre-Employment Radiographs 

Pre-employment radiographic studies have little effect in curb¬ 
ing the cost of back problems in industry; lumbosacral radi¬ 
ographs arc not helpful in predicting who is more likely to 
make a back injury claim, or those few who make up the vast 
majority of the costs for industrial back pain by becoming dis¬ 
abled for more than 6 months. The radiation exposure is not 
justifi ed by their predictive value as a pre-employment screen¬ 
ing tool (22). 

Spina bifida occulta, spondylolysis, spondylolisthesis, tran¬ 
sitional vertebra, Scheuermanns’ disease, disc space narrowing 
or osteophyte formation greater than 1 mm, retrolisthesis, and 
facet tropism were not found with greater f requency in pain pa¬ 
tients than in nonpain patients (22). 

Range of Motion Testing Is Invalid 

The American Medical Association Guides to the Evaluation of 
Permanent Impairment were tested for validity on 81 healthy 
subjects. All of the normal subjects were noted to have some 
degree of impairment ranging from 2 to 38.5%, with a mean 
value of 10.8%, showing that impairment may be overesti¬ 
mated by up to 38%. The current method of impairment de¬ 


termination based on spinal motion may not accurately reflect 
impairment in many patients. Alternative methods of impair¬ 
ment evaluation should be developed that are more specific for 
individuals with true functional impairment and that account 
for age-related differences in spinal motion (23). 

Job Satisfaction 

In 1990, the Boeing Aircraft Company, with a population of 
3000 volunteers followed up for 4 years, found the only signif¬ 
icant predictive factors for the recurrence of low back pain 
were job dissatisfaction and distress as expressed on the Min¬ 
nesota Multiphasic Personality Inventory (24). 

Age 

Most patients have a long history of recurrent back pain prior 
to the onset of sciatica, but when a frank disc herniation occurs, 
leg pain usually overshadows the back pain. The peak incidence 
of herniated lumbar discs is in adults between the ages of 30 and 
55 years (25). 

SURGERY CONTRASTED WITH 
CONSERVATIVE CARE OF 
SCIATICA PATIENTS 

Disc surgery may be a luxury that society cannot afford (26). 
Except for the few cases wherein an emergency loss of neuro¬ 
logic function occurs, most cases of disc herniation recover on 
their own with conservative care. The 30,000 failed spinal op¬ 
erations per year consume an “extraordinary amount” of soci¬ 
etal resources. “Can we afford,” asks Hanley, “to expend such 
large sums of money on this small percentage of the population 
with a self-limited problem?” (27). 

The number of available orthopaedic surgeons exceeds the 
HMO requirement of 5/100,000 by 150%. Even a 50% re¬ 
duction in the number of residents would not bring the level of 
orthopaedic surgeons into line with HMO projections for more 
than a quarter century (28). 

During the first 6 to 8 weeks of care for herniated disc cases, 
little reason is seen to order tests or plan invasive management 
because only a small percentage of patients with herniated discs 
should consider surgical intervention (26). Long-term results 
of surgery are only slightly better than both conservative mea¬ 
sures and the natural history of a lumbar disc herniation (29). 

Factors Predicting Outcome for 
Lumbar Disc Herniation 

Absent crossed straight leg raise (SLR) sign, spinal motion in ex¬ 
tension that does not reproduce the leg pain, large extrusion or 
sequestration, 50% relief of leg pain within the first 6 weeks of 
onset, a 1 2-year educational level, good fitness, and progressive 
return of neurologic deficits within the first 1 2 weeks predict 
good nonoperative outcome for lumbar disc herniation (30). 
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Surgical Numbers Increase 

During the periods 1979 to 1981 and 1988 to 1990, in each 
sex, the rate of hospitalizations for cervical spine surgery in¬ 
creased more than 45%, with the rates for cervical fusion 
surgery increasing more than 70%. The rate of hospitalizations 
with lumbar spine surgery increased more than 3 3% in each 
sex, with the rate for lumbar fusion surgery increasing more 
than 60% in each sex, the rate for lumbar disc surgery increas¬ 
ing 40% among males and 2 1 % among females, and the rate for 
lumbar exploration or decompression surgery increasing more 
than 65% in each sex. 

Surgery rates are influenced by the ratio of surgeons to pop¬ 
ulation. Between 1980 and 1990, the number of neurosurgeons 
and orthopaedic surgeons per capita increased by 24% (31). 

Drop in Surgical Success 

The results of surgery for disc herniation in 1950 showed 95% 
good results. Studies from Germany, Sweden, and other coun¬ 
tries today find good results in only about 75% of patients. 

“Are we operating on the wrong patients?” asks Nachemson. 
“Are we doing too much? Are the insurance benefits [for con¬ 
tinuing disability] too great? Or is the pain perception of pa¬ 
tients changing? I don’t know” (32). 

Some observers believe the overall success rate for disc 
surgery in the United States to be closer to 70% than it is to 
90%, although precise data are not available. At 12 months, 
51.5% of the surgery patients had a good outcome after disc 
surgery, 28.4% had a moderate outcome, and 18.6% had a bad 
outcome (33). 

Only 31 of the 1 18 patients (26%) who underwent lumbar 
disc surgery in a city compensation setting returned to full duty 
and were considered satisfactory. The surgical treatment of 
lumbar disc disease in this group of patients resulted in a 74% 
rate of permanent disability (34). 

Motor and Sensory Alterations 

Approximately 50% of the neurologic changes associated with 
motor weakness or sensory deficit will be retained after con¬ 
servative care. Weakness of the big toe or some sensory loss of 
the outer foot may, however, be an acceptable adverse side ef¬ 
fect for successful conservative management, when one con¬ 
siders the unpredictable risks of surgery (35). 

Absence of Presurgical Neurologic Deficits 

Patients complaining of deterioration after operation consti¬ 
tuted 16.9% of 36 patients in one study (36). In 10 of the 36 
patients, the lumbar operation was repeated, in 6 of them once, 
in 3 twice, and in 1 three additional times. The repeat opera¬ 
tions were mainly re-fusion after failed fusion, and laminec¬ 
tomy at a segment different from the first one. 

Results of the ten patients who underwent at least one re¬ 
peat operation were, four immediate failures of which three 
had been immediate failures and one a late failure after the first 
intervention; six late failures of which one had been immedi¬ 
ate; and five late failures after the first operation. 

In 20 of the 36 patients, lumbar surgery carried out in the absence 


of any preoperative sign of neurologic defcit raises the question of the 
indicationsjor surgical intervention . No doubt, the driving factors 
in many of these cases were the patient’s pain and functional 
disability without response to conservative therapy, patient 
and, possibly, physician frustration, chronicity of the low back 
pain, and radiologic evidence of disc damage (36). 

Quality of Life After Disc Surgery 

Disc surgery does not appear to return patients to work any 
faster or prevent long-term disability any more effectively than 
nonoperative treatments. It does, however, offer a significant 
benefit in terms of quality of life and symptom alleviation. It 
can afford 5 extra months of comfortable living over a 10-year 
period, compared with nonoperative treatments. 

Disc surgery is reasonably cost-effective and well within the 
range of most other medical treatments regarded as standard 
and appropriate. Of employed patients, 87.8% of the surgical 
group reported an improvement in quality of life at 1 year ver¬ 
sus 65.3% of the nonsurgical group (37). 

Postsurgical Adhesions 

Hyaluronic acid decreases the biomechanical strength of ex¬ 
tradural adhesions following disc surgery when compared 
with use of fat graft or no interpositional membrane (38). 
Polyactive, an elastomeric segmental copolymer, consistently 
yielded less scar adhesions as compared with free fat graft (39). 
Placing Gelfoam or free-fat graft over the nerve root and dura 
after excision of a herniated lumbar disc had no effect on pa¬ 
tient outcome regarding symptoms, functional status, or MRI 
findings. Placing an interposition membrane over the nerve 
root may have no beneficial effect on the outcome of lumbar 
disc surgery (40). 

Muscle Weakness 

Disc surgery patients seem to develop long-term strength and 
lifting deficits, particularly in extensor strength (41). 

PEDIATRIC LUMBAR DISC HERNIATION 

Herniated lumbar nucleus pulposus is rare in the pediatric pop¬ 
ulation with the surgically proved incidence being between 0.8 
and 3.2%. A 15-year-old boy with three level lumbar disc 
herniations refused surgery and underwent conservative care 
consisting of nonsteroid anti-inflammatory drugs, passive ex¬ 
tension, lumbar traction, segmental mobilization, and a pro¬ 
gressive program of dynamic lumbar stabilization exercises re¬ 
sulting in an asymptomatic state and return to limited sports. 

The report on this patient also reiterated an important law 
of caring for low back disc herniation patients: 

1. The absolute indication for surgical intervention of herni¬ 
ated nucleus pulposus is neurogenic bladder or bowel dys¬ 
function (cauda equina syndrome) and progressive neuro¬ 
logic deficits. 

2. Relative indications include intractable radicular pain and 
lateral spinal stenosis (42). 
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Another study of 48 adolescent patients, average age of 16 
years, undergoing discectomy found excellent or good out¬ 
comes in 91% of the patients, and poor outcomes in 9% at 
follow-up. In the patients treated nonoperatively, the results 
were rated as excellent or good in 25% and poor in 75%. Six- 
year follow-up study suggests that discectomy yields excel¬ 
lent to good long-term results in children and adolescents 
(43). Good results following discectomy do not justify pro¬ 
longation of conservative care beyond that recommended for 
adults (44). 


such as MR I and doctors must resist the temptation to order 
them. Between weeks 4 and 6 the patient passes from the acute 
into the chronic phase, and prognosis begins to change. At 6 
weeks all patients still complaining of low back pain are stud¬ 
ied radiographically. Patients showing no improvement should 
be referred to a specialist. Patients who are improving should 
continue their current program without further testing. At 1 2 
weeks, any patient who is still symptomatic requires referral to 
a specialist (51). 


OUTCOME MEASURES OF PRIMARY 
VERSUS REPEAT LUMBAR SPINE SURGERY 

Nerve root compression caused by recurrent disc herniation or 
bony compression respond well to repeat decompression. Sci¬ 
atica caused by nerve-root scarring is seldom improved by a re¬ 
peat operation (45). 

The success rate after primary lumbar surgery ranges from 
80 to 95%. Good results after revision lumbar surgery, which 
range from 28 to 81%, are rarely comparable to primary 
surgery. Factors predicting a favorable outcome of second lum¬ 
bar surgery are a noncompensable injury, absence of litigation, 
achieving a solid fusion, and the patient not disabled from 
work. Age, number of previous operations, and poor psycho¬ 
logical profile were not predictive of an unsuccessful outcome 
from additional surgery (46). 

Successful reoperation occurred in young patients working 
outside the home who had an initial period of improvement af¬ 
ter the first surgery, and who had fewer surgical levels on pri¬ 
mary surgery and a revision procedure incorporating an ante¬ 
rior interbody arthrodesis (47). 

Sixty-nine percent of reoperated patients were on a disabil¬ 
ity pension compared with 40% of the patients who underwent 
a single surgery (48). 

Workers’ Compensation patients presenting within 1 year 
with recurrent complaints after discectomy and whose radio- 
logic findings indicated a same-level, same-side recurrence 
represent extremely poor outcome risks for repeat discec¬ 
tomy (49). 


IMAGING AND SURGERY OFTEN ARE 
INAPPROPRIATE CARE FOR LUMBAR 
DISC HERNIATION 

Premature or unnecessary CT or MRI studies ordered in the 
evaluation of patients with low back pain may have a significant 
effect on overall health care costs. Moreover, the isolated find¬ 
ing of a herniated disc, without corresponding clinical signs, 
can lead to inappropriate surgical referral (50). 

Magnetic resonance imaging and physician charges are the 
major cost in care of low back pain patients, accounting for 
19% of the cost in patients not meeting appropriate criteria for 
testing (32). 

Patients pressure doctors to order high technologic tests 


WHEN DOES DIAGNOSTIC IMAGING 
BECOME NECESSARY IN A PATIENT WITH 
RADICULOPATHY? 

The status of the patient determines the necessity of diagnostic 
imaging in patients with radiculopathy, which can be deter¬ 
mined by the following (52): 


Order Imaging Studies: 

Immediate, emergency basis 


As soon as possible, to avoid 
future permanent 
neurologic deficit 

After a 4- to 6-week delay 
while conservative 
treatment is attempted 
to resolve the pain; sooner 
if the patient is severely 
incapacitated and 
bedridd en 

After a 6- to 10-week delay 
and depending on results 
of the clinical examination 

Earlier rather than later 

Perhaps never, because 
x-ray study results are 
unlikely to change 
treatment protocol 
significantly 


If the Patient Has: 

Loss of bladder or bowel 
function or rapid 
neurologic deterioration 
in neurologic function 

Slow, progressive 

neurologic loss of motor 
or sensory or reflex 
function 

No neurologic deficits but 
severe pain 


Mobility with some leg 
pain, unresponsive to 
conservative treatment 
More leg pain than back 
pain 

Back pain only 


Radiographic Study at 7 Weeks 

For the patient with a first episode of low back pain, present for 
less than 7 weeks, who has not been treated or who is improv¬ 
ing with treatment, no radiographs of the lumbar spine are in¬ 
dicated unless one or more of the following exceptions are ob¬ 
tained (53): 

• Age over 65 

• History suggesting high risk for osteoporosis 
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• Symptoms of urinary tract dysfunction 

• Symptoms of persisting sensory deficit 

• Pain worsening despite adequate treatment 

• Intense pain at rest 

• Pain worse at night 

• Fever, chills 

• Unexplained weight loss 

• History of injury of sufficient violence to cause frac¬ 
ture 

• History of repetitive stress of sufficient severity to cause 
stress fracture 

• Recurrent back pain with no radiographs in the past 
2 years 

• Previous lumbar surgery or fracture 

• History of radiographic abnormality elsewhere reported 
to patient but with no films or reliable report reasonably 
available 

• History of finding from other study (e.g., bone scan or 
gastrointestinal series) that requires spine radiograph for 
correlation 

• Anticipation of need for another study or treatment that 
would be facilitated by preliminary radiograph (e.g., 
epidural injection) 

• Patient unable to give a reliable history 
Atypical physical findings including: 

• Significant motor deficit 

• Unexplained deformity 

Special psychological or social circumstances including: 

• Crippling cancer phobia focused on back pain 

• Inability to secure another evaluation within 7 weeks 
from the onset of pain 

• Need for immediate decision about career or athletic fu¬ 
ture 

• High risk for violent injury 

• Need for legal evaluation 

What views of the lumbar spine should be taken? In general, 
anteroposterior and lateral views only should be done ini¬ 
tially (53). 

WHEN DOES A PATIENT WITH BACK 
AND/OR LEG PAIN BECOME A 
SURGICAL CANDIDATE? 

* 

Patients with a definite diagnosis of ruptured lumbar interver¬ 
tebral disc (IVD) and sciatic or other radicular pain with neu¬ 
rologic signs and symptoms should be carefully observed and 
treated by nonsurgical means for 4 to 8 weeks, unless the pa¬ 
tient presents with progressive loss of motor, bladder, or 


bowel function or has excruciating pain that cannot be relieved 
by nonoperative treatment (54). 

Recommendations for Intervention for 
Disc Herniation 

The American Academy of Orthopaedic Surgeons (55) recom¬ 
mends the following interventions for disc herniation: 

1 . Functionally incapacitating pain in the leg, extending below 
the knee with a nerve root distribution. 

2. Nerve root tension signs (positive SLR) with or without 
neurologic abnormalities, fitting the radiculopathy. 

3. Failure of clinical improvement after 4 to 8 weeks of con¬ 
servative therapy. 

4. Confirming imaging study; abnormal myelogram, CT, or 
MRI correlated to the physical signs and distribution of the 
pain. 

Studies on the results of disc hernia surgery all emphasize inap¬ 
propriate patient selection as the leading cause of surgical fail¬ 
ure (55). 

Microsurgery 

McCulloch (56) outlines the following indications for micro¬ 
surgery: 

• Bladder and bowel involvement 

• Increasing neurologic deficit 

• Significant neurologic deficit with significant and persist¬ 
ing SLR reduction 

• Failure of conservative treatment— the most common 
reason for surgical intervention 

• Recurrent episodes of sciatica 

NATURAL COURSE OF DISC HERNIATION 

Large Percentage of Sciatica Patients Have 
Prior Low Back Pain 

One or more earlier attacks of acute lumbago were reported by 
more than 90% of 280 verified herniated lumbar disc patients 
with radiculopathy. An average of 10 years passed before the first 
attack of sciatica, which often developed insidiously. No factors 
were found that could differentiate between a transitory attack 
of low back pain and a pain that was the forerunner of sciatica. 

Approximately 25% of the patients improved during a 2- 
week hospitalization. Another 25% with serious symptoms and 
signs underwent surgery. The remainder (126 patients) with 
uncertain indication for surgery were randomized for either 
conservative treatment or surgical intervention. 

Examination after 1 year of observation showed a satisfac¬ 
tory result in 90% of the surgically treated patients and 60% in 
the conservatively treated group (57, 58). 
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Conservative Care for Disc Herniation 
Patients Before Surgical Consideration 

Patients with radicular symptoms and signs caused by a her¬ 
niated lumbar disc but without definite indications for imme¬ 
diate surgery should be observed for 2 to 3 months before 
a final therapeutic decision regarding operation is taken 
(57,58). 

Provided warning signals of a critical condition can be ex¬ 
cluded, indications are for an initial 4-week conservative ap¬ 
proach to acute sciatica. Lack of satisfactory improvement af¬ 
ter 4 to 6 weeks indicates radiologic examinations are 
needed. If a clear, visible herniation is demonstrated, the 
choice between continued conservative therapy and surgical 
interference must be considered. Many factors are involved 
in this evaluation, including the natural course of the disease 
(58-60). 

Most Sciatica Patients Well With 4 Months 
of Conservative Care 

Energetic nonoperative care results in successful recovery in 
approximately 90% of verified herniated disc patients with 
radiculopathy treated with traction therapy, which is perhaps 
the treatment most commonly recommended in cases of radic¬ 
ular sciatica. 

The real challenge to the physician’s knowledge, experi¬ 
ence, art, and psychological insightarises when conservative ef¬ 
fort fails and surgery needs to be considered. Definite indica¬ 
tions for surgery are cauda equina syndrome, intolerable pain, 
and progressive muscle weakness. The decision to continue 
with the conservative regimen or recommend surgical inter¬ 
vention should be made with the patient. Extended conserva¬ 
tive care is the patient’s option (59). 

Schvartzman et al. (60) found that surgical care was not 
more cost effective than nonsurgical care, and it had no better 
outcome than continued conservative management in a com¬ 
parison study of 55 white male truck drivers who presented 
with acute sciatica. Findings were 91% confirmed L4-L5 her¬ 
niated discs. After 12 weeks of bed rest, physical therapy, and 
drug treatments proved ineffective, 25 patients opted to un¬ 
dergo lumbar discectomy. 

No significant difference was found between the two 
groups in outcome or cost of treatment. Results were good 
or satisfactory in 80% of both and the average total medical 
and compensation cost during 1985 to 1 989 was $56,054 for 
surgical treatment and $55,638 for conservative treatment. 
The conservatively treated patients lost significantly more 
time from work over the 5 years than patients who under¬ 
went surgery—a total of 97.4 weeks and 78.9 weeks lost, re¬ 
spectively. 

Schvartzman et al. recommend an initial 3 months of phys¬ 
ical therapy, and if the patient’s condition does not deteriorate 
during that time, conservative measures are continued. The pa¬ 
tient should ultimately make the decision whether to proceed 


to surgical intervention. A patient not responding to the initial tri¬ 
als of conservative therapy has the option to undergo continued conser¬ 
vative treatment (60). 

Surgery Seldom Necessary 

The life-time incidence of surgery for back pain and sciatica 
ranges from 1 to 3%; 50% of patients with disc hernia-induced 
sciatica will recover spontaneously in 4 to 6 weeks. Although 
surgery hastens the recovery from disc hernia-induced sciatica, 
it seems to have little influence on risk of recurrence (19). 

Only 5 to 10% of symptomatic lumbar disc patients require 
surgery, and the best overall plan is to help patients avoid back 
disease by encouraging them to modify risk factors, provide 
them with preventive exercises, and teach them the proper and 
improper methods of lifting (50). 

Most cases of back pain and even most clinical manifesta¬ 
tions of symptomatic disc herniation (pain, reflex loss, imaging 
changes, and muscle weakness) resolve with bed rest and anal¬ 
gesia. The proportion of all persons with low back pain who un¬ 
dergo surgery for disc herniation is only about 2% (50). Long¬ 
term outcome of surgical care is only slightly better than 
conservative care for lumbar disc herniation (61 ). 

Does Delaying Disc Surgery Cause 
Permanent Nerve Damage? 

If a person undergoes surgery, regardless whether early or late, 
within a 1 2-week period, it docs not really influence outcome 
in terms of future motor function, according to Frymoyer (62). 

I n fact, a slightly increased risk is seen of sensory loss if surgery 
is performed too early. There is the same long-term relief of 
pain. No evidence currently exists and no medicolegal reason 
is seen, to intervene early with surgery—even when the pa¬ 
tient has a dropped foot. If a person has cauda equina syn¬ 
drome, however, that is an acute, surgical situation (62). 

The cauda equina syndrome occurs in only 1 to 2% of all 
lumbar disc herniations that come to surgery, so its prevalence 
among all patients with low back pain is about 0.0004 (four 
cases per 10,000 patients) (63). 

What Does a Surgeon Say About 
Spinal Surgery? 

A surgeon’s response to the question of spinal surgery was re¬ 
ported as follows: “Do you need to have surgery? I make my 
living doing surgery, but the answer I give my patients is you 
do not need surgery. In fact, if you look at the literature on her¬ 
niated discs, patients who don’t have surgery and patients who 
do have surgery feel about the same after one year. There is no 
significant difference between the two groups. 

“The reason to recommend surgery is that you might have 
continued decreasing function in the leg such as loss of sensa¬ 
tion or loss of motor power in any muscle group. A particularly 
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worrisome, but rare, symptom is the inability to control your 
bowel or bladder movements. 

“If you do not have the problems mentioned above, the de¬ 
cision to have surgery must be made by the patient, and it’s usu¬ 
ally recommended if there’s no improvement after an adequate 
course of conservative therapy” (64). 

VALIDITY OF SUBJECTIVE INSTRUMENT 
MEASUREMENTS OF PATIENT RELIEF 

Oswestry Disability Scale 

In assessing the outcome of surgery in the lumbar spine, the 
percentage change in the Oswestry Disability scale is reliable 
and independent of surgeon bias, and it correlates well with the 
patients’ subjective assessments of improvement (65). 

Quebec Back Pain Disability Scale 

The Quebec Back Pain Disability scale is a 20-item self-admin¬ 
istered instrument designed to assess the level of functional dis¬ 
ability in individuals with back pain. The following factors are 
used in evaluating patients (66): 

1. Get out of bed. 

2. Sleep through the night. 

3. Turn over in bed. 

4. Ride in a car. 

5. Stand up for 20 to 30 minutes. 

6. Sit in a chair for several hours. 

7. Climb one flight of stairs. 

8. Walk a few blocks (300 to 400 m). 

9. Walk several miles. 

10. Reach up to high shelves. 

1 1. Throw a ball. 

1 2. Run one block (about 1 00 m). 

1 3. Take food out of the refrigerator. 

14. Make your bed. 

1 5. Put on socks (pantyhose). 

16. Bend over to clean the bathtub. 

17. Move a chair. 

18. Pull or push heavy doors. 

1 9. Carry two bags of groceries. 

20. Lift and carry a heavy suitcase. 

Response options: (0—5): 0, not difficult at all; 1, minimally 
difficult; 2, somewhat difficult; 3, fairly difficult; 4, very diffi¬ 
cult; 5, unable to do. 

Comparisons with the Roland Morris and Oswestry scales 
suggest that the Quebec scale may be more reliable and is at 
least as sensitive to change as the best available measures. The 
scale can be recommended as an outcome in clinical trials, to 
monitor the progress of patients participating in treatment or 
rehabilitation programs and to compare different groups of 
back pain patients (65). 


COMPARISON OF SURGICAL APPROACHES 
Which to Choose? 

The results of both chemonucleolysis and automated percu¬ 
taneous lumbar discectomy in a prospective randomized 
study were generally disappointing because 48% of the over¬ 
all population entering the study considered treatment a 
failure and 20% submitted to open laminectomy within 6 
months (67). 

Percutaneous Discectomy 

Percutaneous discectomy is barely better than placebo treat¬ 
ment. Discectomy continues to be the “gold standard” for disc 
surgery (68). 

Gill and Blumenthal (69) feel that percutaneous discectomy, 
because of its safety and efficacy, should play a valuable and ad¬ 
ditional role in the treatment of the herniated nucleus pulposus 
in the years to come. It has the lowest morbidity of all invasive 
treatment options in the care of patients with herniated lumbar 
discs. 

Little change in the appearance of the disc lesion with suc¬ 
cessful percutaneous discectomy outcome may intimate that 
the mechanism by which the procedure relieves pain remains 
to be elucidated (70). No association was demonstrated be¬ 
tween change in size of the herniation or disc space and clinical 
outcome or amount of nuclear material that was removed at 
nucleotomy (71). 

Broad-based disc protrusion showed best relief (80% suc¬ 
cess) with automated percutaneous lumbar discectomy. Pa¬ 
tients with a disc protrusion with a narrow dye base had an 
overall success rate of only 5 3%. The outcome depends, how¬ 
ever, on the shape of the protruded nuclear material as shown 
by CT discography, which makes this examination a conditio sine 
qua non before treating patients with a disc protrusion with au¬ 
tomated percutaneous discectomy (72). 

Use of automated percutaneous discectomy can be a wise 
decision. In selected patients it can reduce sciatica, but it only 
completely eliminated sciatica in 5% of patients with a follow¬ 
up period of 2.5 years (73). 

Chemonucleolysis: Differing Opinions 

Chemonucleolysis produces inferior short-term results and of¬ 
fers no advantage over conventional discectomy and costs more 
than conventional laminotomy (74). Chymopapain injection 
was found superior to placebo at 10-year follow-up in a study 
of 60 patients (75). With adherence to strict criteria for selec¬ 
tion and performance of chemonucleolysis, this procedure is as 
effective as laminectomy, and it is safer, without the risk of 
arachnoiditis and its associated charges and disability that can 
occur after laminectomy. In addition, chemonucleolysis has 
proved to be substantially less expensive than laminectomy in 
short and long-term periods, with the potential to significantly 
reduce the fi nancial burden of health care in the United States. 
Having been time-tested, chemonucleolysis is an attractive al¬ 
ternative to laminectomy (76). 
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Laser Discectomy 

LASER is an acronym for Light Amplification by Stimulated 
Emission of Radiation. This kind of electromagnetic radiation 
is created by external stimulation of a laser medium that has 
been put into a condition termed “population inversion.” This 
active laser medium can be solid material (ruby crystal), gas 
(helium neon), dyes (rhodamine), or semiconductor material 
such as gallium arsenide. Laser light is characterized by three 
qualities: it is monochromatic, coherent, and collimated (77). 

Percutaneous endoscopic laser-assisted discectomy (PELD) 
is intended to decompress the lumbar spinal nerve by selective 
endoscopic removal of the herniated parts of the nucleus pul- 
posus. 

Nonendoscopic percutaneous laser disc decompression 
(PLDD) is intended for internal decompression of the disc. 
This is achieved with coagulation and shrinking of central parts 
of the nucleus pulposus by the applied laser energy. The tip of 
an 18-gauge cannula is placed into the center of the lumbar disc 
space under fluoroscopic control via a posterolateral approach. 
Laser-light is then applied to the nucleus through a 400 to 
600-u quartz fiber introduced through the cannula (77). 

Percutaneous insertion of the laser fiber into a lumbar IVD 
permits the ablation of the nucleus pulposus and central anular 
fiber by creating a 1.5 cm 3 defect. The disc is decompressed, 
with minimal thermal change in the neural elements or adjacent 
end plates. In experimental animals, the disc is replaced by 
dense fibrous tissue that eventually undergoes ossification (78). 

No question is found that these techniques reduce disc vol¬ 
ume and can lead to improvement in some patients’ symptoms. 
However, these patients often have minimal disc displacement, 
and almost every one of them improves with a graduated exer¬ 
cise program. With such a vigorous approach to conservative 
management, it is difficult to find 5% of patients who are can¬ 
didates for the procedure (79). 

Laser discectomy, however, seems to be an unpredictable 
procedure, and a research study of it was abandoned because of 
adverse changes in the discs of the subjects. The success rate of 
laser discectomy in relieving sciatica is “a flip of a coin.” High 
rates of complications and reoperations and low success rates 
show laser discectomy clearly worse than the natural history of 
contained disc herniations (80). Acute foot drop following 
laser-assisted discectomy showed it may produce reversible 
and irreversible nerve root injuries (81). 

Comparison of Surgical Procedures 

Success with open discectomy is 90%, 5 3% with chemonucle¬ 
olysis, and 31% with laser discectomy (82). 

No differences were found between those having microdis¬ 
cectomy and those having laminectomy so far as perioperative 
bleeding, complications, inpatient stay, time off work, or end 
results short-term or at 1 year were concerned (83). Higher 
herniated nucleus pulposus recurrence rates have not been 
found in using a limited discectomy technique. Advocates of 
the microdiscectomy technique have reported a faster return to 
work, a quicker f unctional recovery, and a shorter hospital stay 
in their patient groups, secondary to the less extensive expo¬ 


sure (84). Laminotomy is more ef fective in relieving radicular 
pain, and it must be considered the standard of surgical treat¬ 
ment for lumbar herniated disc disease (85). 

Extreme Lateral Lumbar Disc 
Herniation Excision 

Extreme lateral lumbar disc herniation represents 10 to 1 2% of 
all disc herniation, more common in the upper lumbar spine in 
patients between 50 and 60 years of age. Because extreme lat¬ 
eral lumbar disc herniation affects nerve roots at the level of 
herniation, it often mimics classic disc herniations at the level 
above. It often presents with anterior thigh and groin pain, 
quadriceps weakness, and it may be accompanied by a positive 
femoral stretch test. Often, little back pain is present and the 
Lasegue’s sign is usually negative. Rapid localization and safe 
excision is done of extreme lateral lumbar disc herniations 
without the need for bone resection (86). 

COMPLICATIONS OF LUMBAR 
DISC SURGERY 

It is important for the chiropractor to be aware of surgical com¬ 
plications because of the increasing number of failed back sur¬ 
gical syndromes seen in our offices. Chiropractic treatment 
protocol is affected by knowing this information. 

Neurologic Complications of 
Lumbar Laminectomy 

Among the causes of complications of lumbar laminectomy are 
(87): 

1. Dural and nerve root injuries: “Battered Root”—burned, 
lacerated, or torn in surgery. 

2. Cauda equina syndrome: Artery of Adamkiewicz, which 
supplies most blood to lower spinal cord, is damaged. 

3. Formation of scar tissue: Arachnoiditis (extradural scar tis¬ 
sue formation), or perineural fibrosus (intradural scar tissue 
formation). 

Reflex Sympathetic Dystrophy 

Reflex sympathetic dystrophy (RSD) developed in 1 1 patients 
after surgery for lumbar spondylolisthesis or lumbar instability 
that was associated with degenerative disc disease or osteo¬ 
arthrosis of a facet joint. After the operation, all patients had 
burning pain, vasomotor dysfunction, and dystrophic changes 
in the lower limb and foot. The symptoms began 4 days to 20 
weeks after the operation. 

Prerequisites for RSD are (a) a painf ul lesion; ( b ) an abnor¬ 
mal autonomic reflex rather than a normal sympathetic reflex; 
and (c) a diathesis, or unusual susceptibility. Irritating stimuli 
for lumbar nerve pain syndromes are processed in the lumbar 
nerve root ganglia (88). 
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Chronic, intractable pain is treated successfully by electro¬ 
convulsive therapy, which raises the questions of possible cere¬ 
bral contribution to the pathophysiology of RSD (89). 

Venous Thrombosis 

Thromboembolic disease and its treatment remain a leading 
cause of morbidity and death among patients undergoing or¬ 
thopaedic procedures. Deep venous thrombosis rates after 
spinal surgery range from 0 to 20%, with pulmonary emboli 
occurring in up to 8% of patients (90). 

Nucleus Pulposus Emboli 

Following discography using 5 2% diatrizoate meglumine and 
8% diatrizoate sodium, a fatal systemic reaction occurred. 
Postmortem examination showed nucleus pulposus pul¬ 
monary emboli on random lung sections. Speculation was 
that the spasmodic back extensions imposed compressive 
forces on the lumbar vertebrae, causing nucleus pulposus to 
be extruded into the vertebral marrow sinusoids (thus creat¬ 
ing emboli) and possibly causing these emboli to flow anteri¬ 
orly into the anterior external vertebral plexus, which re¬ 
sulted in pulmonary emboli exclusively with no spinal cord 
emboli (91). 

Epidural Fibrosus—Not a Surgical Condition 

The pathogenic role of epidural fibrosus as seen on MRI in 
pain generation is questioned as it is found to be similar in 
symptomatic and asymptomatic patients after lumbar discec¬ 
tomy. In patients with persistent or recurrent sciatica after 
lumbar discectomy, in whom epidural fibrosus is the only 
neuroradiologic finding, repeat decompression should be dis¬ 
couraged (92). 

Epidural Fat Graft-Induced Nerve 
Root Compression 

Six years following L5—SI lumbar disc herniation surgery, a 36- 
year-old woman developed severe sciatic pain on the same side 
as before surgery. The left SI nerve root was compressed with 
a piece of free fat autograft in the foramen, which was used in 
the first operation (93). 

Scar Tissue or Dorsal Ramus Damage from 
Surgery Cause Failed Back Syndrome 

Severe postoperative failed back syndrome patients have dorsal 
ramus lesions covered by scar and local paraspinal muscle atro¬ 
phy at the corresponding segments. Disturbed back muscle in¬ 
nervation and loss of muscular support leads to the disability 
and increased biomechanical strain, which might be one im¬ 
portant cause to the failed back syndrome. It may be possible 
to develop operating techniques that save back muscle inner¬ 
vation better than the ones in current use (94). 


Paraplegia and Quadriplegia 

Two cases of thoracic level paraplegia after lumbar spinal 
surgery showed cord edema and spinal cord infarct in the tho¬ 
racic region, representing acute spinal cord infarcts in the “wa¬ 
tershed” region of the thoracic cord (95). Extreme head rota¬ 
tion and neck rotation during lumbar disc surgery led to 
vertebrobasilar vascular thromboses and embolism (96). 

Seronegative Arthritides May Have Poorer 
Surgical Outcomes 

Patients who are HLA B-27 positive may be more likely to have 
a poor outcome from disc surgery (97). 

DIFFERENTIAL DIAGNOSIS OF 
RECURRENT HERNIATED DISC 
MATERIAL FROM SCAR TISSUE 

Gadolinium-DTPA, a paramagnetic agent, is injected prior to 
MRI of the lumbar spine. The differential between scar and disc 
material is that the gadolinium-DTPA localizes to vascular tis¬ 
sue. Because granulation scar tissue is highly vascular, it will en¬ 
hance and appear as an area of hyperintensity enhancement on 
T1-weighted images, whereas the avascular herniated nuclear 
material will not show any enhancement and will remain hy- 
pointense on MRI (87). 

Differential diagnosis of recurrent disc herniation from scar 
tissue involves the following clinical facts: (a) recurrent disc 
herniation usually occurs on the same side as the original lesion 
within the first 5 to 7 years after initial surgery, (b) if the pa¬ 
tient complains of a gradual increase in symptoms during the 
first 6 months after surgery a gradual formation of epidural scar 
tissue is suggested, whereas a more abrupt onset after 6 months 
indicates recurrent disc herniation. Also, spinal instability and 
arachnoiditis must be considered (98). 

MRI Postsurgically Is Error Filled 

Magnetic resonance imaging is unreliable in distinguishing be¬ 
tween scar and a retained or extruded disc fragment in the early 
postoperative period (less than 6 months) (99). In 257 lumbar 
spine surgical patients who showed symptoms suggesting per¬ 
sistent or new disc herniation 6 to 1 8 months after surgery un¬ 
derwent contrast-enhanced MRI, which found evidence of disc 
herniation. These patients were associated with a significantly 
greater frequency of repeat surgery with poor relief (100). 

Postsurgical Multifidees Muscle Changes 

Inactivity and axon injury contribute to atrophy of the 
multifidii muscles in disc patients. These pathologic structural 
changes correlated well with clinical outcome, and, most im¬ 
portantly, they can be reversed and diminished by adequate 
therapy (101). 
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SURGICAL APPROACHES: BENEFITS 
AND PROBLEMS 

Severe Tissue Injury Patients Respond Best 

The best outcome after surgery befalls those with the most se¬ 
vere tissue injury, that is, patients with ruptured anulus with 
complete perforation of the nuclear material respond better 
and faster than those with intact anulus protruding discs (102). 

In 244 patients operated on for posterolateral first time disc 
herniation, 77% had absence of leg pain directly after the opera¬ 
tion and 14% later on. In 8% the pain persisted. Ninety-four per¬ 
cent of the patients described themselves as excellent or good, 
and 6% as the same or worse, and 94% went back to work. Av¬ 
erage sick leave after operation was 1 1 weeks (103). Improve¬ 
ment was seen in 46% at 4-month follow-up, in 59% at 1 year, 
and 63% at 2 years. Recovery was seen more often in patients 
who had preoperative symptoms for less than 1 year (104). Pre¬ 
operative pain, surgical outcome, and neurologic recovery were 
similar in single- and double-level herniation (105). 

Percutaneous Discectomy 

Discitis, vascular injury, and hematoma arc risks of percuta¬ 
neous discectomy. Success rates for percutaneous discectomy 
range from 60 to 87% with two reports showing rates as low 
as 5 3 to 55%. Replacing microsurgical laminectomy with per¬ 
cutaneous discectomy is not open for discussion because of in¬ 
sufficient evidence and value (106). 

Microdiscectomy 

Patients undergoing microlumbar discectomy for lumbar disc 
herniation have less postsurgical pulmonary morbidity and 
temperature elevation than those treated by the lumbar lam¬ 
inectomy and discectomy (107). Seventy-five consecutive cases 
of outpatient disc excision found it a practical alternative for se¬ 
lected patients requiring disc surgery (108). 

SPINAL FUSION—CONTROVERSIAL 

This section begins with a discussion of lumbar spine fusion 
based on a published meeting paper on the subject by noted au¬ 
thorities from throughout the world. Advanced technology 
such as new spinal implants, including screws, rods, plates, 
cages, and biologic grafting materials have contributed to the 
growth of knowledge in the field of spinal fusion (109). 

Rates of Lumbar Fusion 

The rates of lumbar fusion procedures are increasing rapidly, 
particularly for lumbar spinal stenosis in older patients. Fusion 
rates vary remarkably between geographic areas and surgeons. 
Spinal stenosis with spondylolisthesis has higher costs and com¬ 
plications when a fusion procedure rather than decompressive 
surgery alone is performed. 


Of an estimated 279,000 low back operations performed 
in persons older than 20 years in 1990, 46,500 (17%) were 
lumbar fusions. For comparison, in that same year hospital 
records show that approximately 1 20,000 total hip replace¬ 
ments, 20,000 revision total hip replacements, 500,000 chole¬ 
cystectomies, and 400,000 coronary artery bypass graft proce¬ 
dures were performed. Lumbar spine fusion was performed for 
IVD disorders in 51% of patients, spondylolisthesis in 24.3%, 
spinal stenosis in 10.5%, spondylolysis in 10%, and vertebral 
fracture in 7.3 % (109). 

From 1979 to 1990, low back surgical rates increased by 
55%, from 102 to 158 per 100,000 adults (at least 20 years 
old). Lumbar fusion rates increased 100%, from 1 3 to 25 per 
100,000 adults. Lumbar spinal stenosis was the condition 
showing the greatest increase for fusion surgery (1 10). 

Geographically in the United States, lumbar surgical proce¬ 
dures varied greatly. In the western United States, the surgical 
rate was 1 24 per 100,000 adults; it was 1 90 per 100,000 adults 
in the South. Lumbar fusion varied from 1 8 per 100,000 in the 
West to 30 per 100,000 in the South. The fusion rates were 
40% lower in the West than in the South. Lumbar surgical rates 
were highest in the South and fusion rates were highest in the 
South and Midwest (111). 

Among surgeons, fusion rates vary dramatically. For exam¬ 
ple, fusion rates in New Hampshire were 56% higher than the 
mean northern New England rate, whereas Maine was 57% 
lower. This suggests that professional uncertainty or differ¬ 
ences in physician practice patterns are the reason (1 12). 

The United States shows the highest rates of low back 
surgery of 12 Western nations. The likelihood of having sur¬ 
gery in the United States is 35% higher than in other countries, 
whereas back surgery rates in Sweden, England, Scotland, and 
Manitoba, Canada are less than one third of those in the United 
States (113). 

Cost of Fusion 

In-hospital cost of noninstrumented laminectomy fusion has 
exceeded laminectomy alone by 50%. Instrumented fusion at 
laminectomy is 100% more costly than laminectomy alone 
(114). Hospital bills of 40 patients (20 each in 1 986 and 1993) 
who had undergone single-level and double-level lumbar 
arthrodesis showed the hospital cost (mean) for single and dou¬ 
ble-level spinal arthrodesis increased from $7457 (1986) to 
$19,712 (1993). In inflation-adjusted 1993 dollars the actual 
increase was 97%. Most dramatic was the 638% increase in 
implant costs (115). 

Fusion Treatment of Degenerative 
Lumbar Disorders 

Spinal fusion plays an important role in the treatment of de¬ 
generative disorders of the lumbar spine. Decompression lam¬ 
inectomy or foraminotomy for spinal stenosis yields 80% good 
or excellent results when the facet joints are preserved, with 
20% showing increasing postoperative slip. With partial face- 
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tectomy, good or excellent results were found in only one third 
of patients, with two thirds showing poorer results and in¬ 
creasing spondylolisthesis slip. Fusion allowed 90% good to ex¬ 
cellent results; improved outcomes were found with fusion for 
degenerative spondylolisthesis (1 16). 

Discectomy without fusion at L4—5 and L5—SI showed ex¬ 
cellent and good results in 81 % of patients in both groups. The 
L4—L5 disc is most susceptible to axial torsion and it is the most 
common site for lumbar instability; thus, discectomy at this 
level would yield less favorable results than discectomy at 
L5—SI because of the perceived increased failure rate due to 
mechanical pain and instability (117). 

Patients with spinal pain lasting 4 months or longer and un¬ 
remitting to any treatment are candidates for spinal fusion if 
discography reproduces their pain syndrome (118). Positive 
discography pain has shown 88% of patients to receive satisfac¬ 
tory pain relief with spinal fusion (119). 

Disc excision and posterior lumbar interbody fusion (PLIF) 
was performed on 39 men and 2 3 women who had low back 
pain symptoms longer than 6 months, were out of work for at 
least 4 months, and derived no relief from medication or reha¬ 
bilitation. No patient had disc herniation, spinal stenosis, ab¬ 
normal movements of spinal motion segments, or prior back 
surgery. The consistent finding was a positive pain response 
during discography combined with internal disc degeneration 
and disruption. Ultimately, 89% claimed to have satisfactory 
results and 93% returned to work, mostly to predisability as¬ 
signments; PLIF was successful, as determined radiographi¬ 
cally, in 94% of cases (120). 

Conservative Treatment for 
Discographically Produced Low Back Pain 

Although positive discography is viewed as a valid diagnostic 
technique, the results of fusion surgery are often disappointing. 
Conservative treatment results are comparable with or better 
than those reported for surgical treatment of nonradicular, 
discogram-positive low back pain. Pain can be expected to im¬ 
prove in up to two thirds of patients with simple conservative 
therapy for discographically induced low back pain (121). 

Fusion surgery is often performed based more on clinical 
anecdote than on rigorous scientific study. The literature does 
support the use of spinal fusion in several degenerative disor¬ 
ders of the spine, including lumbar spondylolysis, discogenic 
pain, facet joint syndrome, lumbar degenerative disease, isth- 
mic spondylolisthesis, and spinal stenosis (116). 

Fusion Increases Complications 

Lumbar fusion, when compared with surgery without fusion, 
is associated with a substantial increase in complications, mor¬ 
tality, and resource. A high short-term cost is found with this 
procedure, both medically and financially (122). 

Spinal fusion for discogenic pain i s based o n the hypothesis that 
the disc is sensitive to painful stimulus and that a solid fusion re¬ 
lieves the pain by reducing the stimuli to the pain-receptive struc¬ 


tures (123). In considering spinal fusion, lumbosacral supports 
have been used preoperatively to judge the effect of immobiliza¬ 
tion. If pain relief occurs while the patient wears the brace, the¬ 
oretically, spinal fusion should also relieve the patient’s pain. The 
posterior longitudinal ligament and the outer fibers of the anulus 
fibrosus are pain-sensitive structures capable of producing back 
pain. Recommended patient selection fusion criteria include (a) 
disability for more than 1 year, ( b ) failure of conservative treat¬ 
ment, and (c) a positive provocative discogram (123). 

Severe Degenerative Disc Disease 
Benefits from Fusion 

In 36 patients with lumbar degenerative disc disease 26 also had 
a degenerative spondylolisthesis, 1 8 had spinal stenosis, and 26 
had lateral stenosis. They were operated on with an extensive 
root release, followed by a posterolateral fusion with a pedicle 
screw technique. Sixteen patient outcomes were classified as 
excellent, 8 good, 9 fair, and 3 poor. Patients classified as failed 
backs could probably benefit from further fusion surgery (124). 
Another study showed no advantage for fusion over surgery 
without fusion (125). 

Fusion Doubles Second Surgery Rate 

In a study of 388 patients undergoing spinal fusion, 68% were 
work disabled and 2 3% required further lumbar spine surgery 
2 years postfusion. Five markers of severity predicted work dis¬ 
ability outcome (older age at injury, longer time from injury to 
fusion, increased time on work disability before fusion, in¬ 
creased number of prior low back operations, and increased 
number of levels fused). Receiving instrumentation with fusion 
doubled the risk of reoperation. Most patients reported that 
back pain (67.7%) was worse and overall quality of life 
(55.8%) was no better or worse than before surgery. Outcome 
of lumbar fusion performed on injured workers was worse than 
reported in a published case series (126). 

Fusion Heightens Blood Loss, 
Complications, Mortality 

Patients undergoing fusion had a complication rate 1.9 times 
higher than those who had surgery without fusion. Rates were 
higher for blood transfusion (5.8 times), nursing home 
placement (2.2 times), and hospital charges (1.5 times) 
(P <0.0005). Six-week mortality rate was 2.0 times higher for 
patients undergoing fusions (1 27). 

Increased Intradiscal Pressure Above Fusion 

Fusion increases intradiscal pressure above the fused level with 
a higher pressure noted with increases in both the number of 
levels involved in the simulated fusion and flexion motion itself. 
A greater increase was seen at the L4-L5 level than the L3—L4 
level. This may explain the phenomenon of progressive degen¬ 
eration of IVDs adjacent to a fused or fixed segment (128). 
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New Fusion Surgical Technique 

Extraperitoneal anterior abdominal approach with a 4 to 5 cm 
incision on the midline at the umbilicus with an endoscope un¬ 
der video assistance allows disc resection and grafting for fu¬ 
sion. This is felt to lower morbidity and increase anterior fu¬ 
sion management for lumbar disc disease (1 29). 

Lumbar Fusion: Helpful, Necessary, or Not? 

Clinical outcomes for lumbar fusion did not differ by diagnosis 
or fusion technique, but were worse in studies with a greater 
number of previously operated patients (1 30). 

Indications and contraindications for fusion include: 

1. Absence of relief of sciatica after laminectomy is not an in¬ 
dication for fusion. 

2. Significant remaining low back pain with a distinct morpho¬ 
logic explanation sometimes may be considered an indica¬ 
tion for fusion. 

3. Recurrent sciatica caused by fibrosus is not relieved by fusion. 

4. Induced instability because of facetectomy responds well to 
fusion. 

5. Fusion for unspecific remaining complaints after decom¬ 
pressive surgery, not explained by distinct morphologic 
findings, should be avoided (131). 

Spinal Fusion for Relief of Low Back Pain 

Follow-up discography of 62 chronically disabled low back pain 
patients treated with posterior interbody fusion showed 89% 
had satisfactory results, 93% returned to work, and 94% had a 
successful fusion. Concern has been raised that results of this 
study might lead to justification of fusion for low back (132). 

Posterolateral intertransverse f usion can be used to success¬ 
fully manage chronic discogenic back pain. However, patient 
selection remains a challenge, and successful outcome appears 
to be limited in the subset of patients receiving Worker’s Com¬ 
pensation and those chronically disabled (133). 

Fusion is not routinely required in patients undergoing re¬ 
peat laminectomy and discectomy for recurrent disc hernia¬ 
tion. In the absence of objective evidence of spinal instability, 
recurrent disc herniation can be adequately treated by repeat 
lumbar laminectomy and discectomy alone (1 34). 

Orthosis Stabilization Produces Different 
Predictions of Fusion Success 

Three weeks wearing a stabilizing orthosis to predict surgical 
success did not positively affect clinical outcome following fu¬ 
sion (135). 

Another study of diagnostic external fixation was performed 
in 101 patients with disabling low back pain. In 47 patients, 
pain was relieved by stabilization but it returned after destabi¬ 
lization. These patients were considered good candidates for a 
fusion operation. Results after fusion are available for 34 pa¬ 


tients: 14 (41%) patients had a good, 1 2 (35%) had a fair, and 
8 (14%) had a bad result. Fifty-two patients did not respond 
positively to external fixation. Nine were operated on despite 
negative results with fixation. Of these, seven patients had a 
bad result, one a good result. 

External skeletal fixation may be indicated for diagnostic 
purposes when all other diagnostic tools have failed to demon¬ 
strate the source of pain. In this difficult group of patients, ex¬ 
ternal skeletal fixation helps to select the patients for a fusion 
operation with reasonable accuracy. No patient with inade¬ 
quate response to external fixation should undergo spinal fu¬ 
sion (1 36). 

Joint Spaces Adjacent to Fusion Sites 
Develop Spondylosis and Stenosis 

Mobile spinal joints adjacent to fusion levels of the lumbar spine 
often develop problems that surface later and cause pain or re¬ 
quire reoperation. Some of these problems include spinal 
stenosis, hypermobility, degenerative joint disease of disc or 
facets, and acquired spondylolysis or spondylolisthesis. The re¬ 
sponse of cartilage to the sudden increase in loading could be 
instrumental in the facet joint’s biologic response (1 37). 

Accuracy of Plain Radiographic 
Determination of Fusion 

Plain radiographs are currently the most widely used modality 
for determining arthrodesis. When using static two-dimen¬ 
sional radiographs, the presence or absence of arthrodesis can 
be predicted in approximately two thirds of cases (138). 

Failed Back Surgical Care—Spinal Implant 
Use and Benefit 

Pain relief with spinal cord stimulation (SCS) in treating pa¬ 
tients with failed back surgery syndrome (FBSS) is important 
for these unfortunate patients. Seventy-eight patients under¬ 
went trial stimulation. Thirty-five patients (55%) continued to 
experience at least 50% pain relief, 58 patients (90%) were 
able to reduce their medication, and 39 patients (61%) re¬ 
ported a change in lifestyle in that their ability to perform daily 
activities had improved significantly. Fifty-three patients (83%) 
continued to use their spinal stimulation device (1 39). 

The greatest concentration of alpha and beta fibers lay in the 
dorsal columns and stimulation there would, according to the 
gate control theory, provoke inhibition of C fibers to afford re¬ 
lief (139). 

Considering all patients selected for SCS (trial and definitive 
stimulation), the success rate has not been more than 41 % at long 
term. Prevention of FBSS by more careful selection of patients 
for surgery would seem to be better than its treatment (1 39). 

Approximately 50 to 60% of patients with failed back 
surgery syndrome report greater than 50% pain relief with the 
use of spinal cord stimulation (140). 
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Figure 12.1. Multiply operated hack algorithm. (Reprinted with permission From Wiesel SW, Boden 
S®. Diagnosis and management of cervical and lumbar disease. In: Weinstein JN, Rydevik BL, Sonntag VE, 
eds. Essentials of the Spine. New York: Raven Press, 1995:154—155.) 


CARE OF THE MULTIPLY-OPERATED 
LUMBAR SPINE 

Of the 300,000 new laminectomies performed each year in the 
United States, 1 5% will continue to have significant pain. A 
challenge in these failed back surgical cases is to determine the 
patient with recurrent disc herniation, spinal stenosis, or spinal 
instability. These are mechanical reasons for recurrent pain, as 
opposed to nonmechanical causes such as psychosocial instabil¬ 
ity, which will not be helped with further surgery. Figure 12.1 
is an algorithm for decision-making when conf ronted with the 
multiply operated FBSS (141). 

PRESENTATION OF FAILED BACK 
SURGICAL SYNDROMES 

Recurrent L5 Dermatome Sciatica 
Post-L5-S1 Laminectomy Due to L4-L5 
Far Lateral Herniation and Degenerative 
L5-S1 Stenosis 

Case 1 

A 46-year-old man was seen 3 years postsurgically for left L5 der¬ 
matome sciatic pain extending to the foot. Previous surgery was 
to remove a left L5-51 herniated disc via laminectomy. 

Figure 12.2 is the sagittal T1 -weighted MRI study showing loss 


of signal intensity of the L1-L2 through L5-51 discs. Note the an¬ 
terior disc herniations at the L2-L3, L3-L4, and L4-L5 levels (ar¬ 
rows). Also note the type I degenerative pattern at the L4-L5 disc 
level, indicated by hyperintensity of the inferior L4 vertebral body 
plate and subchondral bone (curved arrow). 

Figure 12.3 is a sagittal section of the left osseoligamentous 
canal showing the diminished vertical and horizontal diameter of 
the canal at the L5-51 level (curved arrow). Hypertrophic degen¬ 
erative changes of the facet joints at L5-51 are seen (arrow), 
which narrow the upper third of the osseoligamentous canal 
housing the dorsal root ganglion. 

Figure 12.4 shows the enhancement with Magnivest (gado- 
pentetate dimeglumine) at the site of the previous laminectomy 
(arrow). 

Figure 12.5 shows the facet hypertrophy of the left L5-51 
facet articulation on axial image (curved arrow). This creates 
stenosis of the osseoligamentous canal (straight arrow). 

Figure 12.6 illustrates a left far lateral L4-L5 disc herniation (ar¬ 
row), which could compress the L4 dorsal root ganglion and nerve. 

Figures 12.7 and 12.8 are the anteroposterior and lateral pro¬ 
jections of the lumbar spine and pelvis. Note the extensive disc 
and facet joint degenerative changes throughout the lumbar 
spine, especially L4-L5 and L5-51. This allows excellent correla¬ 
tion with the above cited MRI findings. 

The clinical impression of this case was that this patient may 
have recurrent left lower extremity fifth lumbar dermatome pain 
caused either by degenerative stenosis or perhaps to the L4-L5 
left far lateral disc herniation, which would cause a different der¬ 
matome pain distribution, namely L4. This patient sought further 
surgical care after 2 weeks of distraction adjustments did not 
yield relief. 
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Figure 12.2. Loss of signal intensity is seen from LI L2 through the L5—SI disc levels. Note the ante¬ 
rior disc herniations at the L2 through L4 disc spaces (arrows). Type I degeneration of the L4—L5 disc space 
and vertebral plate and hone is shown at the curved arrow as an area of hyperintensity of hone. 



Figure 12.3. Note the diminished vertical and horizontal diameter of 
the L5—SI left osseoligamentous canal ( curved arrow) and the arthrosis of 
the facet joints ( straight arrow). 



Figure 12.4. The arrow points to the uptake of contrast medium at the 
site of the previous laminectomy. 
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Figure 12.5. The curved arrow points out Facet arthrosis which creates 
foraminal stenosis (straight arrow). 


Figure 12.7. The anteroposterior lumbar spine study shows degener¬ 
ative changes of the L4—L5 and L5—SI facets with facet lamina syndrome. 



Figure 12.6. The arrow points out the f ar lateral disc herniation. This 
patient had no leg pain, only low hack pain. 



Figure 12.8. The degenerative changes of the three lower discs are 
seen here, most especially at the L4—L5 level. 
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Pedicle Screw Removal for Probable 
Contact Irritation of the Nerve Root 

Case 2 

A 36-year-old man complained of right burning lumbosacral pain 
radiating intothe right sacroiliac and buttock and down the pos¬ 
terior right leg into the foot as a pins and needles feeling. 

This patient had previous decompression surgery at L5-51 in 
1994 with bilateral intertransverse process fusions on the left ex¬ 
tending from L4 through the sacrum and on the right from L5 
through the sacrum. This patient also had previous surgery to 
place screws into the pedicles at L4-L5 and L5-51; these pedicle 
screws were felt to be the cause of recurrent right leg pain and 
they were removed. 

Figures 12.9 to 12.11 are MRI images of this patient's lumbar 
spine. Figure 12.9 is the sagittal T2-weighted image showing the 
fifth lumbar vertebral body to be anterior on the sacrum with ex¬ 
ostosis of the posterior inferior L5 plate extending into the verte¬ 
bral canal (arrow). Signal intensity loss is seen at the L4-L5 and 
L5-S1 discs with normal intensity at the L3-L4 and L2-L3 levels. 
The fifth lumbar spinous process is missing from previous de¬ 
compression laminectomy. Posterior to the lumbosacral spine is 
noted hyperintensity within the vertebral canal (curved arrow), 
which could represent Gelfoam or fat placed at the time of 
surgery, or more remote inflammatory fluid or cerebrospinal fluid. 

Figure 12.10 shows precontrast T1 -weighted image on the left 
and postcontrast on the right. Increased uptake of contrast is seen 
within the right lateral vertebral canal surrounding and displacing 
the first sacral nerve root laterally {straight arrow). This tissue dis¬ 
places the thecal sac to the left and posterior, which is granulation 
uptake by contrast in the postcontrast study. Also is seen dis- 



Figure 12.10. Left is a precontrast magnetic resonance image (MRI) 
showing cauda equina displacement by tissue mass ( curved arrow); on the 
right, enhanced MRI shows uptake of contrast compatible with scar tis¬ 
sue presence (arrow). 




Figure 12.9. ThisT2-weighted image shows minimal L5 anterolisthe- 
sis with posterior L5 end plate hypertrophy (arrow). Also note the hy¬ 
perintensity at the curved arrow posterior to the first sacral segment, which 
could represent Fat or Gelfoam from past surgical intervention. 


Figure 12.11. At the arrows is shown the hone defect from previous 
pedicle screw placement. 
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placement of the thecal sac on the precontrast study by mixed ar¬ 
eas of hyper and hypointense contrasting tissue (curved arrow). 

Figure 12.11 is an axial T1 -weighted image at the L4-L5 level 
revealing facet arthrosis [curved arrow). The straight arrow is the 
probable site of pedicle screw implant that was removed. It is 
noted that the remnant defect of the pedicle screw is parallel to 
the nerve root and, in fact, may have touched it and caused in¬ 
flammation of the nerve. 

Therefore, in this case, numerous persistent causes of contin¬ 
ued low back and right lower extremity pain are possible. Scar tis¬ 
sue at the right L5-S1 level is seen to encompass the right SI 
nerve root and to displace the thecal sac. Removal of the surgical 
pedicle screws and the approximate location of them to the exit¬ 
ing nerve roots raises the possibility that they were a cause of 
nerve root inflammation. 

I only examined this patient, and did not treat him. I recom¬ 
mended a myelographically enhanced CT scan to rule out arach¬ 
noiditis and to detail nerve root compromise within the vertebral 
and osseoligamentous canals. Blood tests were also suggested to 
rule out possible inflammation of the subarachnoid space or 
meninges. 

Pedicle Screw Fusion After Failed Surgery 
for Instability at L4-L5 in a Parkinson's 
Disease Patient 

Case 3 

This 59-year-old man with Parkinson's disease was seen in 1992 
for thoracolumbar spine pain and anterior right and left thigh 
numbness and burning that began after a fall. Radiographic and 
CT study showed L4-L5 and L5-51 advanced degenerative disc 
disease and spinal stenosis. Chiropractic distraction adjustments 
gave some relief, but with increasing falls, up to 10 times daily, 
the patient developed increasing bilateral thigh pain and also ab¬ 
dominal and groin pain. 

In September, 1995 the patient underwent his first surgery 
with multilevel decompressive laminectomies at the L3-L4, 
L4-L5, and L5-S1 levels for stenosis. After surgery he was in se¬ 
vere right leg pain with loss of strength and difficulty walking. 
Significant leg weakness and numbness was reported. No bowel 
or bladder symptoms were noted. The pain increased on lying, sit¬ 
ting, standing, and walking, and he could not lift anything. 

Examination Findings After First Surgery 

The obvious Parkinson’s disease symptoms were present. A 
well-healed scar from previous surgery was present. The pa¬ 
tient could ambulate but was unsteady. Motor testing showed 
no left leg weakness, but the right leg demonstrated significant 
decrease in the right quadriceps and tibialis anterior muscles, 4 
— 5. No weakness of the extensor hallucis longus or gastroc¬ 
nemius muscles was seen. Decreased sensation in the L4 distri¬ 
bution of the right leg was noted. The deep tendon reflexes at 
the knee were — 1 / — 1; the ankle, — 1 / — 1. Toes were down¬ 
going. Otherwise, the examination was unremarkable. 

Post-First Surgery Imaging After Decompression 

Magnetic resonance imaging of the lumbar spine was per¬ 
formed 2 months postsurgery, which was too early to not mis¬ 
take the usual postsurgical inflammatory changes for recurrent 
disc or scar tissue, but the patient’s pain necessitated repeat 
MRI. The findings showed: 


1. Figure 12.12 shows the plain lumbar x-ray study prior to de¬ 
compression laminectomy and the postsurgical study show¬ 
ing L3, L4, and L5 level posterior spinal canal mixed signal 
intensity structure with a hypointense rim, predominantly 
hyperintense (straight arrow), which probably represents a 
combination of postsurgical changes including Gelfoam and 
postoperative edema. Retropulsion of the L4 vertebral body 
is noted (open arrow). A large posterior disc herniation at the 
L4—L5 level is seen (curved arrow). Flexion and extension 
studies also showed instability at that level. 

2. Figure 12.13 shows diastasis of the right L4—L5 facet artic¬ 
ulation with severe right L4—L5 foraminal stenosis {open ar¬ 
row). The curved arrow shows the Gelfoam. 

3. Sagittal MRI (Figure 12.14) shows a fracture of the pedicle 
of the L4 vertebra without displacement {open arrow). 

4. Axial MRI (Figure 12.15) and CT (Figure 12.16) show the 
right L4 pedicle fracture as well as evidence of postopera¬ 
tive edema (see arrow for fracture). 

The following diagnoses were made: 

1. Postlaminectomy syndrome, multilevel, L3—L4 to L5—SI. 

2 . Lumbar instability, L4-L5 with retrolisthesis. 

3. The instability with the L4 right pedicle fracture and retro¬ 
listhesis subluxation of L4 caused worsening spinal stenosis 
with probable impingement of the L4 nerve root on the 
right side. 

Repeat decompression with partial facetectomies and fusion 
from L3—SI with pedicle screw instrumentation and autoge¬ 
nous iliac crest bone graft was performed as a second surgery 
(Figs. 12.17 and 12.18). Postoperatively, the patient noted 
complete relief of his leg pain and was released on postopera¬ 
tive day 5. He wore a lumbosacral orthosis. Two years postop¬ 
eratively he continues to have excellent relief of his leg pain and 
is active with signs of a solid fusion from L3—SI . 

This case is presented with the cooperation of the or¬ 
thopaedic surgeon on the case, Robert R. Shugart, MD, Fort 
Wayne, Indiana, who performed the second successful surgery. 

Case 4 

A 60-year-old man 2 years previously to being seen underwent 
intertransverse fusion from L4 to sacrum with repeat repair of 
pseudoarthrosis of the fusion. Postsurgical complaints were low 
back pain, left lateral thigh and anterior leg burning, left foot 
numbness, and right lateral and posterior thigh numbness ex¬ 
tending to the toes and plantar foot area. 

No cauda equina signs were present on examination. Loss of 
lumbar lordosis was noted with positive sitting SLRs producing leg 
pain. Range of motion was 30° of flexion, 10° extension, and 10° 
of bilateral lateral flexion of the thoracolumbar spine. Pain was 
noted over the sacroiliac joints and L2 to 51 segments. 

Motor weakness of the right great toe flexion and left foot 
eversion were seen. Seen was 25 mm of atrophy of the left thigh 
compared with the right, with 55 mm loss of the left calf on men¬ 
suration. The deep tendon reflexes of the lower extremity were 
+2 bilaterally with hypesthesia of the L3 through 51 dermatomes 
noted. Vibratory sense was diminished at both great toes. 
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Figure 12.12. A. The plain lateral lumbar x-ray study before surgery. Note the vacuum changes within 
the discs and the marked advanced degenerative disc disease and rctrolisthesis subluxation of L4 on L5. B. 
The first surgical postoperative magnetic resonance image showing the hvpcrintcnsc area within the ver¬ 
tebral canal (arrow) representing Gelfoam from surgical placement. At the open arrow is shown the persis¬ 
tent posterior displacement of 1.4 on L5 with a disc bulge (curve arrow). This is instability of L4 on L5. 


Figure 12.14. The pedicle fracture (open arrow) that occurred follow 
ing the surgery. 


Figure 12.13. The Gelfoam defect (curved arrow) is seen within the 
vertebral canal, and the facet misalignment and diastasis (open arrow) of 
the L4-1..5 facet joint arc evident. 
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Figure 12.15. Axial magnetic resonance image shows the right L4 pedicle Fracture (arrow) with postop¬ 
erative edema. 



Figure 12.16. Computed tomography image shows the right L4 pedicle Fracture (arrow) with postop¬ 
erative edema. 


The hamstring muscles were tight bilaterally, at 30° on the left 
and 45° on the right side. No signs of hip disease were seen. 
Gluteal muscle strength was 5/5 bilaterally. 

Figure 12.19 shows dextrorotatory scoliosis and the inter- 
transverse fusion with laminectomy of the lumbar spine from the 
first surgery. Figure 12.20 shows an old healed L2 vertebral body 
fracture and degenerative disc disease throughout the lumbar 
spine, most marked at the L5-51 level. 

Figure 12.21 shows L5-51 anterior and posterior disc protru¬ 
sion with advanced degenerative change. Figure 12.22 shows the 
laminectomy ( arrowhead) and the intertransverse fusion {arrow). 

Figures 12.23 and 12.24 are myelograms showing generalized 
disc degeneration of the lumbar spine and in Figure 12.23 is 
shown amputation {arrow) of the right L5 nerve root and the op¬ 
posite root is visualized. Figure 12.25 shows the intertransverse 


fusion ( arrows) with the laminectomy ( arrowhead). The cauda 
equina is not compromised. Figure 12.26 at the L4-L5 level shows 
facet arthrosis ( arrowheads) and a generalized disc bulge into the 
central and osseoligamentous canals {arrow). 

Conclusion in this case was that a right L5 nerve root ampu¬ 
tation occurred at the L4-L5 level by disc protrusion, within the 
surgically fused spine. The L4-L5 disc was protruding into the 
spinal and osseoligamentous canals, but the cauda equina was 
not compressed. 

Conservative care involved distraction adjustments at the 
L3-L4 level and above, trigger point therapy to the lumbar spine 
paravertebral levels, lumbar spine massage, electrical stimulation 
consisting of positive galvanism at the L4-L5 level on the right fol¬ 
lowed by tetanizing currents to sedate muscle irritation, home ex¬ 
ercises, and low back school training, which gave this patient 
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Figure 12.17. Anteroposterior lumbar spine radiograph showing the 
pedicle screw instrumentation following repeat surgery. 



Figure 12.19. L5 laminectomy (arrow ) with dextroscoliosis and 1.4 to 
SI intertransverse fusion is seen. 



Figure 12.18. Lateral lumbar spine radiograph showing the pedicle 
screw instrumentation following repeat surgery. 



Figure 12.20. A healed compression fracture of L2 is noted (arrow'), 
as well as extensive L5—SI degenerative disc changes with discogcnic 
spondylosis throughout the lumbar spine. 
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Figure 12.21. Extensive L5 SI degenerative disc disease is noted with both anterior and posterior disc 
herniation. 



Figure 12.22. Axial L5—SI section shows the laminectomy ( arrowhead ) and the intertransversc process 
fusion (arrow). Note that the cauda equina is spared compression. 
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Figure 12.23. Myelography is performed showing a dextroscoliosis of 
the lumbar spine with the intertransverse fusion (arrowhead). #f special 
interest is the amputation of the right L5 nerve root (arrow'); the opposite 
root is visualized with dye. 




Figure 12.25. Myelographic-enhanced computed tomography scan 
shows the laminectomy ( arrowhead ) and the fusion (arrows). Note that the 
space available for the cauda equina is adequate with no thecal sac com¬ 
pression. 




Figure 12.26. At the L4— L5 level, generalized disc bulging is noted 
(arrow), which narrows the vertebral canal and lateral recesses. Facet 
arthrosis is seen bilaterally ( arrowheads ), which does narrow the canal di¬ 
ameter. 


Figure 12.24. Note the posterior protrusions of the L 3—L4 and L4—L5 
discs into the anterior thecal dye-filled sac. 
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Figure 12.27. Anteroposterior and lateral lumbar spine radiographs showing the instrumented f usion 
performed. 


about 50% relief of symptoms. This was a medicolegal case and 
the patient sought another decompression surgery with fusion, 
which gave him 60% relief of lower extremity symptoms and 
10% relief of low back pain. The foot numbness was not relieved 
and he wears a transcutaneous electrical stimulation (TENS) unit 
to relieve the low back pain. Figure 12.27 shows the anteropos¬ 
terior and lateral radiographs with the instrumented fusion. 


OTHER LESS USED FORMS OF TREATMENT 
FOR LOW BACK PAIN 

Intravenous Immunoglobulin Therapy for 
Nerve Root Pain 

Lumbosacral plexopathy responds favorably to high-dose intra¬ 
venous immunoglobulin therapy (0.8 and 0.4 g/kg), and rep¬ 
resents a clinically and possibly pathogenetically distinct and 
treatable subgroup of patients (142). 

Sclerotherapy 

Sclerotherapy, also known as prolotherapy, identities the antic¬ 
ipated function of an injection of glycerine (25%), dextrose 
(25%), phenol (2.4%), and water with an equal volume of local 
anesthetic to create a proliferation offibrousrepairtissue (143). 

Arthroscopic Discectomy 

Arthroscopic discectomy, a promising new procedure, is to¬ 
tally unproved at this time (144). 


Four Preventive Treatment Regimens for 
Low Back Pain 

The effectiveness of four strategies to prevent low back pain for 
asymptomatic individuals were compared (145): 

1. Back and aerobic exercises 

2. Education 

3. Mechanical supports (corsets) 

4. Risk factor modification 

Limited evidence indicates that exercise aimed at strength¬ 
ening back or abdominal muscles and exercise aimed at im¬ 
proving overall fitness can decrease the risk of subsequent low 
back pain, but the effect is modest and of unknown duration. 
Insufficient evidence is found to recommend that either back 
education programs or mechanical supports be used routinely 
to prevent back pain. These conclusions should be generalized 
cautiously because they are based primarily on studies con¬ 
ducted in the workplace and not in the clinical setting. Al¬ 
though no evidence shows that smoking cessation, weight loss, 
or attention to psychological risk factors can prevent the de¬ 
velopment of lowbackpain, recommendations to address these 
factors might be made on other grounds (146). 

Artificial Disc Replacement 

Artificial disc replacement was performed in six patients, aver¬ 
age age of 55 years and average follow-up of 3.4 years. Four of 
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the six patients had juxtafusion degeneration, one had multi¬ 
level disc degeneration, and one patient had isolated disc re¬ 
sorption. The Acroflex disc (Acromed Corp, Cleveland, OH), 
which was used in the replacement, is composed of a rubber 
core vulcanized to two titanium end plates. Satisfactory results 
occurred in four of six patients. Poor results occurred in the 
presence of deformity that resulted in prosthetic failure and 
isolated disc resorption (146). 

Disc replacement is probably not indicated in every disc- 
related problem or for every spinal patient. The most common 
diagnoses for artificial disc replacement include disc degenera¬ 
tion and postnucleotomy syndrome, two common diagnoses in 
the middle-aged population. Advanced and debilitating disc 
disease is difficult to treat surgically in the active middle-aged 
population because currently no methods are available for 
maintaining motion segment function and thus prolonging the 
immobility that is often associated with more advanced disease 
or aging. Artificial disc replacement also represents an addition 
to the surgeon’s armamentarium when considering problems 
associated with failed hack syndrome. In patients with nonre¬ 
solving symptoms after a discectomy procedure, artificial disc 
replacement could be an alternative. It can be inferred that be¬ 
cause the potential exists for dislocation or gross migration of 
the prosthesis, spondylolisthesis should be a contraindication. 
Care should be taken to avoid patients with metabolic bone dis¬ 
eases such as osteoporosis and osteomalacia (147). 

Patients being treated by disc replacement actually achieve 
good symptom relief with respect to back and leg pain. Also, 
parameters such as the ability to walk and the straight leg raising 
sign improve. Patients who underwent total disc replacement 
experienced few complications, and they did not experience 
the comorbidity factors that have been previously enumerated. 
Routine or indiscriminate use of artificial disc replacements is 
not warranted and further investigation into the utility of spinal 
arthroplasty is needed (147). 

Artificial disc implants in 46 patients produced excellent 
clinical results in 24% of patients, good in 39%, and fair or 
poor in 27%. Clinical results were satisfactory in 69% of pa¬ 
tients who had a disc prosthesis at one level and 40% of those 
operated at two levels. None of the artificial discs dislocated or 
loosened (148). 

A lumbar disc prosthesis made of silicone rubber was found 
to be biomechanically applicable for human use and to restore 
function and improve the curative results of disc excision 
(149). 

A polyurethane fiber reinforced disc prostheses that demon¬ 
strated properties similar to those of natural discs produced 
good outcome (1 50). Manufactured synthetic disc prostheses 
that matched the mechanical behavior of a natural disc have 
been produced (1 51). 

Disc Transfer 

Lumbar disc transplantation was studied in eight mature mon¬ 
grel dogs in which the L2 L3 and L4--L5 intervertebral discs, 
with a small segment of adjacent superior and inferior' vertebral 


body, were removed and transposed. The structure and func¬ 
tion of autograft IVDs were maintained after disc transfer 
surgery; the transplant discs, however, were not completely 
normal in either their morphology or their metabolic function¬ 
ing (152). 

Cadaver Transplants of Damaged Discs 

Bone bank organizations have been encouraging research on the 
use of cadaver transplants for replacements of damaged IVDs. 
The research is currently at the animal stage, and is years away 
from human investigation (15 3). 

Growth Factors in Repair of Anulus 
Fibrosus Damage 

Two growth factors to combat disc dehydration, transforming 
growth factor-(3 and basic fibroblast growth factor play a role 
in the regulation of cartilage and bone formation, and they have 
been used in several animal investigations of anulus fibrosus re¬ 
pair with interesting results (15 3). 

Preventing Nerve Compression by 
Disc Herniation 

A tiny “cage” made of carbon fiber mesh and packed with soft 
bone matter is placed between spinal discs to prevent them 
from pinching a nerve. The cage is ten times stronger than bone 
and fuses to the existing discs better than hard bone. The op¬ 
eration could be beneficial to people suffering from failed back 
surgery, degenerative disc disease, osteoporosis, and disc slip¬ 
page (154). 

EPIDURAL STEROID INJECTIONS 

Mixed opinions on the beneficial role of epidural steroid injec¬ 
tions exist. Let us look at some differing opinions, because cur¬ 
rently this procedure is a clinician’s decision and chiropractic 
physicians are involved in caring for patients who have or will 
undergo the procedure. 

Positive Role 

Favorable outcomes from some controlled and many uncon¬ 
trolled studies suggest that epidural steroid injections ease lum¬ 
bar radicular pain caused by common structural abnormalities, 
such as lumbar disc herniation and spinal stenosis. Current 
knowledge of enzymatic and neurochemical mediation of pain 
and inflammation supports the use of steroids in managing non- 
compressive lumbar radicular pain and possibly lumbosacral 
pain (155). One study showed that at 3 months, 8 3% of pa¬ 
tients were satisfied with the clinical outcome (1 56). Lumbar 
epidural injection or periradicular infiltration at the appropri¬ 
ate level, confirmed under image intensifier, was the next step 
before considering surgical decompression in 1 54 patients with 
sciatica. Twenty-three patients (14%) underwent surgical de- 
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compression. All conservatively managed patients made a sat¬ 
isfactory clinical recovery: average reduction of pain on the vi¬ 
sual analog scale was 94% (range, 45—100); 64 of the 84 (76%) 
disc herniations and 7 of the 27 (26%) disc bulges showed par¬ 
tial or complete resolution (1 57). 

Epidural Steroid Action 

Epidural local anesthetics produce a differential inhibition of 
somatosensory and motor functions, where perception of tem¬ 
perature and pain is more easily blocked than perception of tac¬ 
tile stimuli and motor function. A block of three consecutive 
nodes of Ranvier, or partial blockade of more nodes, is neces¬ 
sary for conduction block of myelinated libers. 

Epidural bupivacaine (BUP) use, alone or with morphine, 
induced differential blockade ofboth nonpainful and painful so¬ 
matosensory functions, and did not result in inhibition of mo¬ 
tor function (158). 

Patients with true cervical radiculopathy showed a 62% 
probability of obtaining 50% pain relief and at least a partial re¬ 
turn to normal activities after epidural steroid injection (159). 

Thirty-five patients with sciatic nerve compression receiv¬ 
ing epidural steroid injection showed 85% received some im¬ 
provement at 1 week, and 43% had improvement lasting 3 
months. At 3 months, 83% were still satisfied with the treat¬ 
ment (160). 

Intramuscular Steroid Is Superior to 
Epidural Steroid Injection 

Few studies have demonstrated superiority of epidural 
steroid injections to placebo. The efficacy of intramuscular 
and epidural steroids for treating 3 1 patients with chronic low 
back pain were compared. Epidural injections of triamci¬ 
nolone acetonide (1 mL) and intramuscular injection with 
saline and epidural injection with saline and intramuscular in¬ 
jection with 1 mL of triamcinolone acetonide were studied. 
Subjective and objective tests showed superiority of the in¬ 
tramuscular steroid over epidural steroid injection for treat¬ 
ing chronic back pain caused by disc degeneration. The only 
instance of superiority of epidural steroid injection over in¬ 
tramuscular injection was spine mobility, where epidural in¬ 
jection was superior (161). 

Placebo Contribution to Pain Relief 

Surgery is the most potent placebo effect that can be exercised 
in medicine. A double-blind trial with a sham operation on 19 
patients with angina in contrast with those treated with ligation 
of the internal mammary artery showed no difference between 
the two groups, most of whom showed a marked improvement 
of their angina and exercise tolerance and some of whom im¬ 
proved the shape of their electrocardiograms. The effect of ul¬ 
trasound on the pain, trismus, and swelling thatcan follow wis¬ 
dom tooth extraction was tested with use of the machine 
turned on and off. No difference in reduction of swelling or 
pain relief in the two instances was noted (156). 


Three reasons for the placebo effect are (a) the effect is pro¬ 
duced by a decrease in anxiety; ( b ) expectation leads to a cog¬ 
nitive readjustment of appropriate behavior; and (c) it is a clas¬ 
sical Pavlovian response. 

Intraoperative Epidural Corticosteroid 
Use—Helpful or Not? 

Intraoperative epidural corticosteroids after microsurgical 
lumbar discectomy for unilateral disc herniation did not lessen 
postoperative morbidity or improve functional recovery (162). 
Intraoperative infiltration reduces postoperative pain and mor¬ 
phine requirements. It is a quick, simple, safe, and effective 
means of improving the patient’s comfort (163). 

Epidural Steroid Injection Is Not Effective 

The National Elealth and Medical Research Council of Australia 
does not endorse epidural steroid injection use, stating it is es¬ 
sentially an unproved procedure that has potential risks. Des¬ 
perate patients in pain and physicians eager to try something 
that might work is not a good clinical recommendation (164). 

Although epidural corticosteroid injections remain a rela¬ 
tively safe treatment modality, their efficacy remains to be tested 
in a properly controlled prospective randomized, double- 
blinded clinical trial with adequate numbers (160). The efficacy 
of epidural steroid injections has not yet been established. The 
benefits of epidural steroid injections, if any, seem to be of 
short duration only (165). 

Negative Opinion on Epidural Steroid 
Injection for Prolapsed Disc Lesions 

Epidural injection of steroids was given to 16 patients less than 
50 years of age with no evidence of degenerative changes on 
standard plain radiographs (e.g., no disc space narrowing, os¬ 
teophyte formations, facet joint hypertrophy, and so forth). 
Other patient characteristics included an attack of low back 
pain with sciatica with signs of nerve root entrapment, no sig¬ 
nificant past history of disc disease, intractable predominantly 
sciatic pain despite at least 3 weeks of conservative treatment 
with bed rest and analgesia, and clear evidence of a prolapsed 
IVD with root impingement on either radiculography or CT. 
Ten had temporary relief of pain but all 16 ended in surgical 
care with prolapsed discs. 

The results of this study cast doubt on lumbar epidural in¬ 
jection of steroids to treat patients with acute proved prolapsed 
IVDs in the absence of degenerative spinal disease who persist 
with severe sciatic pain despite a trial of bed rest (166). 

Epidural Steroid Injections to Differentiate 
Physical (Organic) Pain from Psychogenic 
(Nonorganic) Pain 

Epidural injection of steroids were given to 100 consecutive 
patients with low back and leg pain f irst with 10 mL of saline. 
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If this reduced the patient’s pain, the procedure was termi¬ 
nated. If it did not, 6 to 10 mL of lignocaine was injected as 
far proximally as the T12—LI level. Greater than 60% sub¬ 
jective relief on visual analogue scale (VAS) represented a 
positive result. 

Fifty-one patients had a positive result as did 19 of those in¬ 
jected with saline solution (the placebo effect). Epidural injec¬ 
tions are not a reliable complementary test to standard radio- 
logic practices in the investigation of lumbar spine disorders. 
The placebo response can be from 35 to 90% positive, making 
clinical evaluation impossible (167). 

In another study comparing lignocaine with saline epidural 
injection, the placebo response accounted for 35% of patient 
improvement. In some cases, higher responses of 70 and 90% 
have been recorded. Again, Endings were that differential epi¬ 
dural injections with saline and lignocaine is not a reliable 
complementary test to standard radiologic techniques in the 
investigation of lumbar spine disorders (168). Intradiscal 
steroid injections had no statistically significant benefit in an¬ 
other study (168). 

Predicting Surgical Outcome with 
Temporary Relief Following Nerve 
Root Injection 

A steroid injected into the patient’s symptomatic nerve root 
should provide temporary pain relief if the patient is expecting 
a favorable surgical outcome. Prolonged structural compro¬ 
mise of spinal nerve roots can lead to chronic changes that sur¬ 
gical decompression might not be able to reverse (169). 

Complications of Lumbar Epidural 
Anesthesia and Analgesia 

Lumbosacral radiculopathy, polyradiculopathy, or myelopathy 
have developed during epidural anesthesia or analgesia. The lo¬ 
cal concentrations and time of exposure of the medications are 
high and the following factors act to increase the risk of neuro¬ 
logic complications: 

1. Lumbar stenosis is probably a significant risk factor. 

2. Inadvertent subarachnoid administration. 

3. Only medications deemed safe for intrathecal injection 
should be used during the combination of general and 
epidural anesthesia. 

4. Older patients undergoing long surgeries may be at in¬ 
creased risk for neurologic complications (170). 

RETURN TO WORK FACTORS FOLLOWING 
LOW BACK INJURY 

Younger age and early referral for rehabilitation, but not the 
severity of the injury, were associated with greater likelihood 
of return to work (172). Eight percent of workers with acute 
low back pain returned to work within 6 weeks, whereas the 


10 to 20% who did not recover within 3 months contributed 
80% of the cost of work-related back injuries (173—176). 

Return to Work Following 1-Year Hiatus 

After 6 months of disability, patients have a 50% likelihood of 
successful rehabilitation; at 1 year this Hgure reduces to 20%, 
and at 2 years the chances of successful rehabilitation are virtu¬ 
ally nil (177). One year after seeking care, 82% of 1 128 low 
back pain patients reported having back pain in the previous 
month (178). 

How Soon Do Disabled Chronic Low Back 
Pain Patients Return to Work? 

Although most low back pain patients recover within 2 months, 
2 to 3% eventually develop disabling chronic low back pain 
(179). Fifty-live patients, average age 37 years old, referred by 
occupational physicians were evaluated and followed success¬ 
fully for at least 6 months. Overall, 12.7% of the patients re¬ 
turned to work within 1 month of injury, 40% returned within 
2 months, 54.5% within 3 months, 69% within 4 months, 
74.5% within 5 months, 76.3% within 6 months, 80% within 
7 months, and 8 3.6% after 7 months. Approximately 16% 
never successfully returned to work within the follow-up pe¬ 
riod . Married patients returned to work more quickly than sin¬ 
gle patients. Predicting which patients presenting with acute 
low back troubles are likely to become chronic cases, the opti¬ 
mal prediction equation would appear to be a perception that 
low back trouble is work-related plus absence from work for 
more than 2 weeks, which equals a high-risk case (179). 

Compensation 

Workers (1191) with low-back pain who were injured on the 
job were compared with 389 workers who were injured away 
from work on variables of disability time and pain intensity. In¬ 
jury on the job is associated with prolonged disability time, ir¬ 
respective of the type of job performed (180). 

Patients receiving Workers’ Compensation benelits report 
significantly greater levels of pain, disability, and psychological 
distress than do those not receiving benefits, irrespective of di¬ 
agnosis. Patients suffering from myofascial pain were signifi¬ 
cantly less likely to report periods of pain relief than patients 
with herniated disc syndrome. Patients with myofascial pain 
and Workers’ Compensation benefits demonstrated the high¬ 
est levels of somatization and phobia. These findings suggest 
that the effects of low back pain of myofascial origin have com¬ 
parable, if not worse, consequences than disc herniation. These 
findings also reaf firm the importance of Workers’ Compensa¬ 
tion benefits in understanding the differences in patients with 
chronic low back pain (181). Worker’s Compensation patients 
are 1.37 times more likely to undergo surgery involving fusion 
and almost twice as likely to have a subsequent reoperation 
within 3 years of the index surgery (182). 
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Legal Awards Are Based on Word Selection 
of Disc Problem 

In disc problem cases where the “H” word [herniation] was used, 
the average dollar amount of the legal award was $82,000. 
Where the “P” word [protrusion] was used to describe a simi¬ 
lar degenerative abnormality, the average value of the award 
was $30,000. When “disc bulge” or “normal MRI” were used 
to describe an abnormality, the average claim was $12,000 
(183). 

Approximately 2% of all workers injure their hacks annu¬ 
ally, resulting in $ 16 billion in direct costs; hut incredibly, 10% 
of the injuries account for 80% of the costs. Only 50% of indi¬ 
viduals with low hack pain disability have any objective findings 
(1 84) - 

Insurance does influence the use of medical care for muscu¬ 
loskeletal conditions that require increased expenditures (con¬ 
sulting a doctor, using medication, or physical therapy), hut it 
does not affect aspects of care that do not require additional ex¬ 
penditure (type of physician, recommendation of unsupervised 
exercise) (185). 

CHIROPRACTIC CARE IS EFFECTIVE, LESS 
COSTLY, SAFER, AND ACCEPTED 

Chiropractic care is more effective, less costly, safer, and re¬ 
sults in greater patient satisfaction than other types of medical 
care. Furthermore, greater patient satisfaction is found with 
chiropractic than medical management of low hack pain. For 
these reasons, the following recommendations are made: gov¬ 
ernments should encourage the greater use of chiropractic ser¬ 
vices for low hack pain with full public insurance of chiroprac¬ 
tic services. Chiropractors should he employed in hospitals and 
hospital privileges should he extended to them. Chiropractors 
should he further involved in Workers’ Compensation hoards. 
Chiropractic education should he integrated with a university. 
Finally, cooperation between chiropractors, physicians, and 
other providers should he encouraged (1 86). 

Chiropractic Care Costs 50% that of 
Medical Allopathic Care 

A 2-year retrospective comparison of medical and chiropractic 
care for 8928 low hack pain patients in the private fee-for- 
service sector was made. Total insurance payments were sub¬ 
stantially greater for medically initiated episodes, especially for 
episodes of care lasting longer than 1 day. For the medically ini¬ 
tiated category, inpatient payments were nearly seven times as 
great for the medically initiated cases and their outpatient pay¬ 
ments were nearly 50% higher. The wide disparity in costs sug¬ 
gests that the role of chiropractic deserves careful considera¬ 
tion in strategies adopted by employers and third-party payers 
to control health care spending (1 87). The high-cost dilemma 
is further complicated by claims from the medical profession it¬ 
self that about 90% of the 250,000 hack surgeries performed 
each year can he avoided. 


In addition to relative costs and outcomes, the role of the 
chiropractic doctor as a primary point of contact for episodes 
of lumbar and low hack neuromuscular disorders needs caref ul 
consideration. The growing importance that patients attach to 
nonmedical treatment, particularly to chiropractic therapies, 
adds urgency to these tasks (1 87). 

A comparison of the health care costs of patients who re¬ 
ceived chiropractic treatment in insurance plans that do not re¬ 
strict chiropractic or medical benefits with those treated solely 
by medical and osteopathic physicians showed that patients re¬ 
ceiving chiropractic care experienced significantly lower total 
health care costs ($291 to $1722) as represented by adjusted 
third-party payments in the fee-for-service sector (188). 

Chiropractic Care Is of Renewed Interest in Medicine 

Until recently, organized medicine has vigorously debunked 
chiropractic as an “unscientific cult.” Now held more discreet 
in its criticism by the resolution of the Wilk antitrust suit, 
which alleged that organized medicine has improperly re¬ 
strained the practice of chiropractic, allopathic medicine is re¬ 
evaluating the role of spinal manipulation in the treatment of 
patients with spinal pain. Yearly, 1 in 20 Americans visit a chi¬ 
ropractor, whose numbers have grown from 32,000 in the 
1 970s to 45,000 in 1 990. Such reputable medical practitioners, 
such as Cyriax, Mennel, Maigne, and Greenman, as well as 
other members of the North American Academy of Manipula¬ 
tive Medicine, have also taken the lead in advocating the use of 
spinal manipulation in the conservative treatment of low hack 
pain (189). 

As long as political and economic factors continue to color 
scientific judgement with respect to the ef ficacy of manipula¬ 
tion, a literature review of this subject will continue to defy ob¬ 
jectivity. Meanwhile, let the manipulist always he prudent and 
correct in diagnosis and, as is always true in our consumer- 
driven economy, “caveat emptor,” let the buyer beware (1 89). 

The chiropractic profession is involved in treating a signifi¬ 
cant number of postsurgical hack patients. The prevalence of 
these types of cases in the primary care chiropractic practice 
was found to he above the anticipated level in the general pub¬ 
lic (190). 

Duodenal Ulcer Treated with 
Spinal Manipulative Therapy 

The outcome of 40 cases of uncomplicated ulcerous disease 
treated by usual therapeutic methods were analyzed and com¬ 
pared with spinal manipulative therapy (SMT) treated patients. 
In patients with an almost identical initial condition status, the 
use of SMT resulted in clinical remission on an average of 1 0 
days earlier than traditional care. It must he also noted that pa¬ 
tients in the SMT treated group did not report having any pain 
after from 1 to 9 (average 3.8) days of therapy. SMT resulted in 
clinical remission with full epithelialization of ulcerous defects 
or with cicatrization (191). I insert this study as it emphasizes 
the chiropractic paradigm in the treatment of diseases other than 
neuromusculoskeletal problems—a concept that often strains 
relations between chiropractic and allopathic medicine. 



Chapter 1 2 Care of the Intervertebral Disc Patient 


555 


Chiropractic Value 

Expenditures on health care in America now exceed $800 bil¬ 
lion annually. This is around 1 3% of the national output, which 
is roughly double the share that health care occupied two 
decades ago (192). 

“Spinal manipulation applied by chiropractors i s shown t o he more 
effective than alternative treatments for low hack pain. 

“There is no clinical or case-control study that demonstrates or 
even implies that chiropractic spinal manipulation as unsafe in the 
treatment of low hack pain” (1 87). 

“Chiropractic management of low hack pain is more cost-effective 
than medical management. 

“Chiropractic services should he fully integrated into the health 
care system. 

“A very good case can he made for making chiropractors the 
gatekeepers for management of low hack pain in the workers’ 
compensation system in Ontario” (192). 

A blinded randomized clinical trial comparing the effective¬ 
ness of manual therapy, physiotherapy, placebo (detuned ul¬ 
trasound and detuned short wave diathermy), and a general 
practitioner (GP) for 256 patients with chronic nonspecific 
back and neck complaints had physical outcome measures 
(spinal mobility and physical functioning) presented for 3, 6, 
and 12 week follow-ups. For example, respectively, 36% in 
the GP group, 43% in the placebo group, 54% in the physio¬ 
therapy group, and 62% in the manual therapy group had an 
improvement score of three points or more. 

The manual therapy group showed the best outcome for pa¬ 
tients with improvement scores of less than six points, whereas 
the GP group showed the least improvement. The cumulative 
distributions of physical therapy and placebo therapy were in 
between (193, 194). 

Controlled clinical trials comparing manipulations to pla¬ 
cebo or more conservative treatments in low back pain have 
produced variable (32 to 92% experiencing relief) and gener¬ 
ally short-lived results. Most studies have demonstrated im¬ 
proved outcome with manipulation when compared with 
other treatment modalities for low back pain. However, the 
most efficacious treatment appears to be a protocol combining 
manual therapy and other therapies (195). Acute severe low 
back pain is helped by chiropractic manipulation within the 
first 4 weeks (196). 

Disc Size Change Under Conservative Care 

Larger disc herniations show the greatest reduction in size un¬ 
der successful conservative care, whereas patients not re¬ 
sponding to conservative care have the most herniations that do 
not reduce. Central disc herniations show a lower incidence of 
diminution (197). 

Migrating free nuclear fragments resorb or disappear, and 
the mechanism for this may be exposure to the vascular supply 


(198). Neovascularization at the periphery of 30 sequestrated 
discs with no fibrous scar formation was observed, suggesting 
that a kind of “absorption” process occurs predominantly in the 
healing stage (1 99). 

Chiropractic and McKenzie Treatment 
Equally Effective 

Reportedly, McKenzie assessments have been questioned (200). 
Five hundred and six patients were invited into a study and ran¬ 
domized to treatment by a McKenzie therapist, a chiropractor, 
or a control treatment consisting of an educational pamphlet. 

Four experienced chiropractors delivered the chiropractic 
care. The manipulations involved side-posture, high-velocity 
thrusts. Chiropractors also were allowed to provide up to nine 
visits over the month, with the exact number up to the chiro¬ 
practor. 

The McKenzie therapists saw their patients for an average of 
4.6 visits over 1 month, whereas the chiropractic patients, on 
average, had two visits more each. In terms of total contact 
time, however, the McKenzie therapists spent more time with 
their patients than the chiropractors (201). 

McKenzie and chiropractic treatments both provided mod¬ 
est levels of pain relief, compared with a control group whose 
only treatment was an education pamphlet. The control group 
functioned just as well at the end of a month as did patients who 
had the more expensive McKenzie or chiropractic therapy. 

Seventy-two percent of patients treated with the McKenzie 
protocol said that they would treat their next episode of back 
pain themselves and not seek professional care. Only 39% of 
the chiropractic group expressed a similar view (201). 

MANUAL THERAPY SUPERIOR TO 
CONVENTIONAL MEDICAL CARE FOR 
LOW BACK PAIN PATIENTS 

Fifty-three acute or subacute patients with low back pain were 
given conventional treatment by primary health care teams. 
Forty-eight patients received an experimental treatment that 
included specific mobilization, muscle stretching, autotraction, 
and cortisone injections. The experimental manipulation was 
thrust techniques or specific mobilization. Treatment also was 
performed by seven physical therapists, more or less special¬ 
ized in manual therapy. 

Control patients received active, optimal and standardized 
conventional treatment. This approach is consistent with mod¬ 
ern official recommendations for low back pain management in 
Sweden. In addition, they received drugs, verbal and written 
ergonomic advice, low back pain school training, sick-leave, 
active back exercises, corsets, taping, shortwave, ultrasonic 
waves, transcutaneous neuromuscular stimulation (TNS), 
transcutaneous electrical muscle stimulation (TEMS), electric 
stimulation, heat (Steam-pac), cold (Cold-pac, ice), postural 
instructions, postural exercises, and in some cases plunge bath 
training and massage (202). 
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After 4 months, the experimental group had increased range 
of motion, less pain in the back and lower extremity, and a less 
positive straight leg raising test (both sides) than the conven¬ 
tionally treated group. Manual treatment was superior to the 
conventional activating treatment in normalizing pathologic 
findings on physical examination of the lower back. These re¬ 
sults agree with the positive influence on pain, drug consump¬ 
tion, sick leave, disability rating, and quality of life reported in 
other reports from the same study. 

The study shows that manual therapy reduced the presence 
of clinical findings in a low back pain population more effec¬ 
tively than did conventional treatment supplied by primary 
health care teams. An essential component of the treatment 
might be the steroid injections, which have not been used with 
manual treatment in previous investigations (202). 

Chiropractic care i s a t least a s ef fective as medical care in re¬ 
ducing low back pain and f unctional disability caused by low 
back pain. Chiropractic patients were more likely to perceive 
their treatment to be successful in reducing low back pain as 
compared with medical patients (203). 

One hundred forty five chronic low back pain patients 
demonstrated the clinical utility of spinal manipulative therapy 
by immediate reduction of reported pain after 2 weeks of treat¬ 
ment. This randomized trial successf ully accounted for a num¬ 
ber of the more serious criticisms of earlier studies on spinal 
manipulative therapy by using a methodologically more rigor¬ 
ous protocol. There appears to be treatment available to bene¬ 
fit patients with chronic low back pain (204). 

Of 59 patients diagnosed with a lumbar disc herniation 
who received chiropractic treatment, 90% (56 of 59) re¬ 
ported improvement of their complaint after a median of 18 
treatments (range 3 to 90 treatments) over a median duration 
of 45 days (range 2 to 180 days). Side posture lumbar spinal 
manipulation and electrotherapy (interferential current) 
were used in 93 and 97% of the cases, respectively. Seventy- 
eight percent of the patients were provided instructions on 
how to perform William’s flexion exercises. No complica¬ 
tions from the treatment were reported by the patients on 
follow-up visits or by the medical doctors on follow-up cor¬ 
respondence (205). 

"Hands-On" Effect 

A measure of patient satisfaction and confidence from manipu¬ 
lation is the potential benefit in patient expectation and satis¬ 
faction in the outcome. The success of manipulation may lay in 
the “hands-on” approach (206). 

Facet Joint Effect of Spinal 
Manipulative Therapy 

A total of 86 manipulations (46 fast and 40 slow) were con¬ 
ducted on the thoracic spine (vertebra level T3, T6, and T9) of 
1 1 asymptomatic subjects. The fast treatments consisted of a 
high-velocity, low-amplitude “thrust” of short duration. For 
the slow treatments, force was gradually built up over a period 


of 3 to 4 seconds until peak force was achieved, and peak force 
was then held for another 2 to 3 seconds. 

Manipulations were given in the following order: First, one 
or two slow treatments were administered to T3, followed 
by a fast treatment on the same level. After the fast spinal ma¬ 
nipulative therapy (SMT), a fast burstlike electromyographic 
(EMG) signal was observed, which probably originated from 
type II articular receptors. During slow SMT, a continuous 
gradual increase in EMG activity occurred, which was proba¬ 
bly the result of the activation of type I articular receptors. 
However, it has to be kept in mind that various types of 
mechanoreceptors are embedded in a joint and its related soft 
tissues. An SMT will likely activate a wide variety of receptors, 
including proprioceptors and pain receptors in muscles and 
skin. Thus the beneficial effects associated with SMT may be 
the integrated action of the simultaneous activation of multiple 
receptors (207). 

Joint cavitation was not associated with a reflex response. 
Joint cavitation has often been considered a sign of a successful 
treatment. Anecdotally, joint cavitation has been assumed to 
evoke reflex responses which may cause a reduction in pain and 
muscle relaxation. Audible sounds do not evoke a measurable 
reflex response in muscles. They may still produce reflex ac¬ 
tivities that do not show themselves in EMGs (207). 

Distraction Manipulation Stimulates Group III 
Afferents for Pain Relief 

Distraction of the facet activates group III sensory receptors 
more often than compression. Manipulation of a lumbar facet 
stimulates group III afferents with receptive endings located in 
or near the tissues of the facet and endings located in lumbar 
paraspinal muscles distant from the facet joint capsule. Stimu¬ 
lation or modulation of this system may explain the beneficial 
effects many patients receive through physical therapy, brac¬ 
ing, and spinal manipulation. Future research is necessary to 
determine the precise role played by the activation of these re¬ 
ceptors (208). 

Opioid Production 

Repetitive stimulation of small-diameter somatic afferents 
likely effect a release of opioids in an area such as the substan¬ 
tia gelatinosa (lamina II), where the overwhelming majority of 
these small fibers terminate (209). Passive joint movement re¬ 
lieves pain of spinal origin by arousing to clinically ef fective lev¬ 
els a pain control system encoded by opioid peptides (210). 

Decreased Intra-articular Pressure 

Gate control theory is that selective excitation of larger diam¬ 
eter somatic afferent units in peripheral nerves will suppress 
the rostral transmission of the painful information at the level 
of the dorsal horn of the spinal cord. Passive joint movements 
could produce pain relief by ef fectively reducing af f erent input, 
reducing intra-articular pressure, and inhibiting reflex muscle 
contraction. The level of pressure in human lumbar apophyseal 
joints could be subsequently reduced by passively moving these 
joints at the end of their range for a few minutes. Such a de- 
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crease in intra-articular pressure could reduce discharges in 
joint afferents. Relaxation of reflexly contracted muscles about 
a joint would help abolish both the pain of muscle ischemia and 
any additional discharges produced in joint afferents caused by 
tension placed on periarticular tissue (21 1). 

DIAGNOSTIC IMAGING CHANGES 
FOLLOWING TREATMENT OF HERNIATED 
LUMBAR DISC PATIENTS 

Nonsurgical Care 

Of 47 lumbar disc herniation patients, 42 underwent conserv¬ 
ative medical therapy consisting of bed rest, lumbar support, 
epidural steroid injections, twice-daily physical therapy, anal¬ 
gesics, and nonsteroidal anti-inllammatory agents. Five of the 
cases went to surgery. Repeat CT showed herniation reduction 
from 25 to 100%. Figures 12.28 to 12.31 show the classifica¬ 
tion of size, disc size reduction, and the plot showing the per¬ 
centage size decrease Irom initial and second CT scan. Most 
lumbar disc herniations do reduce under conservative care and 
the largest herniations seem most likely to undergo significant 
reduction in size (212). 

Bozzao et al. (213 ) reported that 48% of 69 lumbar disc 
herniations showed greater than 48% reduction in size, 63% 
greater than 30% size reduction, and 8% were worse under 
conservative care. They concluded that lumbar disc herniation 
may be primarily a nonsurgical problem. 

Resolution of a patient’s pain can occur with or without 
resolution of the hernia. Up to 36% ol the population have 
asymptomatic disc herniations; it is not just the structural 
presence of a disc hernia that is responsible for a patient’s 
radicular pain (214). 



Figure 12.28. Classihcation of the size of disc herniations observed 
during the initial computed tomography scan. Size is determined with re¬ 
spect to the anteroposterior diameter of the lumbar canal. 1 : small her¬ 
niation (less than one fourth); 2: medium herniation (between one fourth 
and one half); 3: large herniation (more than one hall). (Reprinted with 
permission f rom Maigne J, Rime B, Dclignct B. Computed tomographic 
follow up study of forty-eight cases ol nonoperatively treated lumbar in¬ 
tervertebral disc herniation. Spine 1992:17(9): 1071 1074.) 



Figure 12.29. I .arge herniation having decreased by 95% in 9 months. 
(Rc| printed w ith permission f rom Maigne J, Rime B, Dclignct B. Computed 
tomographic follow up study ol forty-eight cases ol nonoperatively treated 
lumbar intervertebral disc herniation. Spine 1 992:17(9): 1071 —1074.) 


Figure 12.30. Small herniation that decreased in size by 75% in 18 
months. (Reprinted with permission from Maigne J, Rime B, Dclignct B. 
Computed tomographic follow' up study of forty-eight cases of nonoper- 
ativelv treated lumbar intervertebral disc herniation. Spine 1992:17(9): 
1071-1074.) 

Eighteen subjects with lower extremity pain or paresthesia, 
positive straight leg raising, weakness in a myotomal distribu¬ 
tion, reflex asymmetry, or electromyogram evidence of radic¬ 
ulopathy underwent conservative care with complete clinical 
improvement and resolution of the disc herniation in 78% of 
cases. Patients without demonstrated disc resolution or im¬ 
provement in the disc herniation can still show a complete clin¬ 
ical improvement without recurrence over a 2.5-year follow¬ 
up (215). 

Follow-up CT scan of 21 patients with herniated lumbar 
discs treated with steroid injection or oral medication showed 
definite decrease in size of the herniated nucleus pulposus in 14 
patients: disappearance in 5, obvious decrease in 5, and mod¬ 
erate decrease in 4. No definite change was observed in seven 
patients. Major changes on CT scan occurred significantly more 
frequently in a large herniated nucleus pulposus than in a small 
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Figure 12.31. Each point represents a case. The horizontal axis represents the number of months that 
have elapsed between the cessation of treatment and the second computed tomographic (CT) scan. The 
vertical axis represents the percentage (%) decrease in herniation size between the initial and second CT 
scan. The size of each point corresponds to the size of the herniation on the initial CT scan: small hernia¬ 
tion, medium herniation, and large herniation. (Reprinted with permission from Maigne J, Rime B, 
Delignet B. Computed tomographic follow up study of forty-eight cases of nonoperativcly treated lumbar 
intervertebral disc herniation. Spine 1 992:17(9): 1071 —1074.) 


one. Large lumbar herniated nucleus pulposus can decrease and 
even disappear in some patients treated successfully with con¬ 
servative care (21 6). 

Steroid and local anesthetic injection at the intervertebral 
disc nerve root interface of 84 cases of disc herniation and se¬ 
questrations showed 64 (76%) had either complete or partial 
resolution on follow-up CT examination. Of 22 cases with ei¬ 
ther a generalized or focal bulge of the disc, 18 (82%) were un¬ 
changed on follow-up. 

Even if patients have a marked reduction of SLR, positive 
neurologic signs, and a substantial IVD herniation or seques¬ 
tration, a potential exists for making a natural recovery. In¬ 
deed, disc herniation, the abnormality that might seem best 
suited to surgical resection, is the type of disc lesion showing 
the most significant incidence of natural regression. Acute disc 
herniations in young patients are the category of disc pathology 
most likely to show greatest resolution on follow-up CT ex¬ 
amination (217). 

Symptoms and Signs Do Not 
Correlate with the Degree of 
Disc Herniation Reduction 

At 2 years after conservative care, herniated nucleus pulposus 
patients showed 16.5% reduction in the size of the herniation. 
Reduction was found in 57% of the patients, no change in 40%, 
and 3% were enlarged (218). 

Thirty-two patients with herniated lumbar discs, treated 
conservatively, were studied. MRI was performed in the acute 


stage, then 6 months and 1 year later. On axial images, the pro¬ 
portion of the cross-sectional area of the spinal canal occupied 
by the herniated disc was 31.9% on the average on the initial 
scan, 28.7% at 6 months, and 25.3% 1 year later. The size of 
the herniation decreased by more than 20% in 11 patients 
(34%), by 10 to 20% in 8 (28%), and was unchanged in 12 
(38%) (219). 

Herniated discs occupying more of the spinal canal on the 
initial study showed a more marked reduction in size. Most re¬ 
duction occurs in the latter half of the first year. 

The size of the herniated material reduced significantly 
more in the patients developing severe degeneration than in 
those with mild degeneration, suggesting that degeneration 
might participate in reducing herniation via dehydration, 
shrinkage, and degeneration followed by scar contraction. 

Patients whose symptoms disappeared with short-term rest 
but whose reduction of herniation was mild, and others who 
had achieved slight improvement in symptoms and marked re¬ 
duction of herniation arc reported. Symptoms might not al¬ 
ways parallel the reduction of herniation because reduction oc- 
curs considerably later than symptoms (21 9). 

Patients with multiple lumbar disc herniation (22) and those 
with single lumbar disc herniation (37) receiving conservative 
treatment (mainly spinal manipulation) were compared before 
and after a period of conservative treatment. No obvious changes 
were seen in herniated nucleus pulposus size, position, and volume, 
even after clinical improvement. However, structural and func¬ 
tional recovery in the group with multiple segments was less 
satisfactory than that of the group with single segment involve¬ 
ment (220). 
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Possible Mechanisms of Disc Resorption 
Under Conservative Care 

Chemokines 

Monocyte chemotactic protein-1 (chemokinc) is supposedly 
produced by damaged anulus fibrosus and epidural vessels, 
which in turn promotes recruitment of monocytes, resulting in 
further production of other chemokines including macrophage 
inflammatory protein-1. These chemokines may contribute to 
activation and recruitment of macrophages in a paracrine or an 
autocrine fashion in the initiation of the resorption process of 
herniated nucleus pulposus (221). 

Phagocytosis 

An extruded or sequestrated disc has the potential to be re¬ 
sorbed by phagocytes (macrophages and T lymphocytes) by 
creating inflammatory change (e.g., cell infiltration, neovas¬ 
cularization, and granulation) seen in 16.9% of protruded 
discs, 81.8% of subligamentously extruded discs, 100% of 
transligamentously extruded discs, and 80% of sequestrated 
discs (222). 

Hypervascularity of the Herniated Fragment 

After IVD injury or as a result of degenerative changes, the disc 
becomes vascularized as blood vessels grow into ruptured ar¬ 
eas in the anulus and may be involved in the absorption of her¬ 
niated disc tissue, which in turn would cause a decrease in 
symptoms (223). 

Percutaneous Lumbar Discectomy Pre- and 
Post-MRI Findings 

Little change in appearance is seen in the post percutaneous 
lumbar discctomy (PLD) disc even in patients with a successful 
outcome. The mechanism by which pain relief is accomplished 
by the procedure remains to be elucidated (224). 

A small absolute decrease in the size of disc herniations on 
the average (5% of the anteroposterior diameter of the spinal 
canal) is noted in PLD with success likely when 10% absolute 
change in size is seen postoperatively. Pain relief without 
a measurable change in size may be due to the specific 
pressure-volume dynamics (bulk modulus of elasticity) of the 
IVDs, to the removal of chemical irritants, or to placebo ef¬ 
fect (225). 

POSTSURGICAL RECURRENT DISC OR SCAR 
TISSUE FAILS TO CORRELATE WITH PAIN 

Contrast-enhanced CT during the first postoperative week, af¬ 
ter 1 to 2 months, and after 1 year was studied in 50 patients 
with single level disc herniation. At 1 year after surgery, 16 pa¬ 
tients showed posterior disc protrusion, 47 scar tissue, and 1 3 
nerve root displacement. Microsurgically operated patients did 
not show less scar tissue than laminectomy patients. None of 
the postoperative radiographic changes definitely correlated 
with remaining back or leg pain (226). 


MRI Does Not Correlate with Postoperative 
Back Pain or Radicular Leg Pain 

A prospective study of 36 patients with radicular leg pain and 
lumbar herniation who underwent single level disc resection 
showed in clinical follow-up with a gadolinium-DPTA MRI ex¬ 
amination 1 year after surgery that the disc herniation was still 
present in eight patients and four of these did not have any sig¬ 
nificant radicular pain. Another 1 5 patients had a small protru¬ 
sion at the site of the former herniation. Twenty-three patients 
showed evidence of scar tissue. The nerve root was displaced 
in 12 patients and was thickened in 16 patients, respectively. 
Clinically, 19 patients recovered from leg pain, 14 patients im¬ 
proved, and 3 patients remained unchanged compared with 
preoperative symptoms. No consistent correlation was found 
between postoperative back pain or radicular leg pain and MRI 
findings (227). 

Disc Contour Change Persists After 
Successful Surgical Removal 

Successful discectomy patients may show localized disc con¬ 
tour abnormalities that simulate recurrent disc herniation for 
months after surgery (228). Asymptomatic lumbar disc herni¬ 
ation patients show residual mass ef fect on the neural elements 
simulating recurrent or residual disc fragment after surgery. 
An orderly progression of imaging changes occur during the 
first 6 months after lumbar surgery that limits the interpreta¬ 
tion of MRI examinations during that period (229). 

Unilateral nerve root enhancement at the operated level is 
seen in most patients on the initial (3-week) postoperative 
study. Extradural root enhancement (excluding the dorsal 
root ganglion) is seen in 81% of the levels initially and is still 
present on the 6-month study in approximately a third of the 
patients. Intradural nerve root enhancement can be seen 
tracking cephalad toward the conus medullaris on the oper¬ 
ated side in 62% of the disc levels on the initial postoperative 
study, but this enhancement is no longer present on most im¬ 
ages at 3 months (230). 

The amount of soft tissue seen in the anterior epidural space 
postoperatively is often greater than that found preoperatively. 
No correlation is found between the clinical outcome and the 
size or nature according to MRI of the postoperative soft tissue 
masses. Edema and scar tissue f ormation is the probable reason 
for difficulties in interpreting postdiscectomy MRls. Early post¬ 
operative MRI af ter lumbar discectomy must be interpreted carefully; 
edema and scar formation are probably reasons for difficulties in inter¬ 
pretation (230). 

An Objective and Accurate Correlative 
Assessment System Needed 

Computed tomography examinations were done before and at 3 
and 24 months after nonoperative treatment in 30 patients with 
lumbar disc herniations. The size of the herniation was described 
by different indexes and related to the degree ol sciatica. 
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Because the degree of sciatica is thought to be an important 
clinical parameter, it seems that the sagittal diameter of the 
canal and the herniation are the two most important dimen¬ 
sions to be measured (231). 

In 16 patients with total regress of sciatica, a disc herniation 
was still visible on CT3, although an obvious reduction in ab¬ 
solute and hernia size had occurred from CT1 to CT3. Seem¬ 
ingly, an individual threshold was found to relative hernia size 
under which sciatica disappeared. As long as the relative hernia 
size was above this level, the mechanical stimuli caused by the 
herniation was an important factor contributing to the degree 
of sciatica by triggering a local inflammatory painful reaction in 
the adjacent nerve root. If the hernia size decreases under the 
threshold level, the degree of pain will be reduced dispropor- 
tionally because of the reduction of the painful inflammatory 
reaction. This is in accordance with previous findings in which 
no relation was found between hernia size and the straight leg 
raising test, indicating other factors such as an inflammatory re¬ 
action and not pure mechanical pressure by the herniation on 
the nerve root as causative for the degree of sciatica. 

The need for an objective and accurate assessment system 
when describing the size of disc herniations is obvious. By such 
a system, the radiologic evaluation of the effect of different 
treatment programs on the size of the herniation would be¬ 
come much more precise (231). 

Cox (232) described a method to measure the size of the 
disc hernia as a percent of the sagittal canal diameter. This re¬ 
port allowed before treatment and posttreatment comparison 
of the disc herniation size and nerve root or cauda equina com¬ 
pression with a patient’s subjective and objective symptoms. 
Little correlation between the herniation size and symptoms 
could be made from this study. 

The following two cases illustrate chiropractic treatment 
showing limited disc reduction following successful relief of 
sciatic and back pain under flexion distraction adjustments. 

Case 5 

Figures 12.32 to 12.35 are pre- and post-MRI studies of a 37-year- 
old woman treated under distraction adjusting for the chief com¬ 
plaint of low back pain and right leg pain extending to the heel. 
The patient did have motor weakness of the right calf muscle, an 
SLR positive at 40 0 on the right, and a diminished right ankle re¬ 
flex. Hypesthesia of the right SI dermatome was noted. 

Figures 12.32 and 12.33 are the axial and sagittal images be¬ 
fore treatment started showing the right paracentral disc hernia¬ 
tion. Treatment of distraction adjusting with positive galvanism 
and tetanizing currents to the L5-S1 disc and right sciatic nerve 
at the gluteus maximus level was administered. Tetanizing current 
to the right calf muscles was also given to aid in regaining muscle 
strength. The patient took glycosaminoglycan and gluco¬ 
samine sulfate for disc supplementation, started rehabilitation 
exercises, and attended low back wellness school. The rule of 
attaining 50% relief within 1 month of care or a surgical consul¬ 
tation obtained was explained to her. 

One month of care resulted in 80% subjective relief as mea¬ 
sured on Oswestry pain index, Roland Morris Low Back Disability 
questionnaire, and VA5. The deep tendon reflexes, ranges of mo¬ 
tion, and SRLs were normal. 

Repeat MRI shown in Figures 12.34 and 12.35 reveals reduction 


Figure 12.32. Axial view showing the right paracentral disc hernia¬ 
tion at L5—S1 prior to distraction adjusting. 



Figure 12.33. Sagittal view of the L5—SI disc herniation prior to treat¬ 
ment. 
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Figure 12.34. Axial view of the 1.5—SI disc shown in Figure 12.32 af¬ 
ter relief of pain. The disc herniation is diminished hut definitely present. 


Transdural Disc Herniation 

Case 7 

Three surgeries and cauda equina syndrome before transdural 
herniation is diagnosed—a cause of concern for a doctor. 

A 45-year-old automobile mechanic with a 20-year history of 
untreated low back pain and a few slight episodes of left leg sci¬ 
atica, felt a sudden onset of severe low back pain while attempt¬ 
ing to lift a 100 L oil drum. An L5 laminectomy was performed. 
The patient awoke from surgery with greater low back and sci¬ 
atic pain, bilateral loss of dorsiflexion of his feet, loss of sensation 
in the perianal area, and retarded micturition (233). 

A myelogram showed a complete stop at the L3-L4 disc (Fig. 
12.38). An L4 laminectomy was performed with resection of scar 
tissue and possible inspection of the L3-L4 disc. 

Again, the pain was worse postoperatively, and the man had 
developed anal and urinary incontinence with loss of sensation 
from L4 distal and loss of Achilles tendon reflexes and dorsal flex¬ 
ion of both feet. Bilateral leg pain was present and he was wheel¬ 
chair confined. MRI (Fig. 12.39) showed a voluminous intradural 
tumor of the same density as the nucleus pulposus at the same 
level as the L3 disc. 

The patient was taken back to surgery and laminectomies of 
L2 and L3 were performed, after which a large mass became ev- 



Figure 12.35. Sagittal view after the patient is asymptomatic still 
showing the 1.5—S1 disc herniation. A good example that disc size and lo¬ 
cation mean little concerning clinical presentation. 

in the size of the disc herniation, although it is still evident. This case 
is an example of complete relief with disc herniation still present. 

Case 6 

Figure 12.36 is an L5-51 left paracentral focal disc herniation in 
a patient with left 51 dermatome sciatica. Following successful 
management with flexion distraction adjustments, Figure 12.37 
shows remaining disc herniation, although it is diminished in size. 



Figure 12.36. The left paracentral L5—SI disc herniation prior to dis¬ 
traction treatment. 



Figure 12.37. The same 1.5—SI disc herniation 3 months after that 
seen in Figure 12.36. The patient is relieved of sciatica hut a definite disc 
lesion remains that is not pain-producing. (Case presented by Terry 
Sandman, DC, DACBR.) 
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Figure 12.38. Lateral view of myelogram showing complete stop at 
1,3 L4disc. (Reprinted with permission from Reina E, Calonge ER, Heriot 
RPM. Transdural lumbar disc herniation. Spine 1994; 1 9(S):617—619.) 



Figure 12.39. Sagittal magnetic resonance image showing a mass oc¬ 
cupying the neural canal from disc through to lamina at L3—L4 level. 
(Reprinted with permission from Reina E, Calonge ER, Heriot RPM. 
Transdural lumbar disc herniation. Spine 1994; 19(5): 617—61 9.) 



Figure 12.40. Photograph at surgery showing large mass (A/P) pro¬ 
truding through posterior aspect of the dural sac (DS) medial to the ax¬ 
illa of the left fourth lumbar nerve root. (Reprinted with permission from 
Reina E, Calonge ER, Heriot RPM. Transdural lumbar disc herniation. 
Spine 1994; 19(5): 617—619.) 


ident as it extruded through the dura medial to the axilla of the 
left fourth lumbar nerve root (Fig. 12.40). The dura was opened 
without opening the arachnoid membrane, and on inspection 
the tumor seemed to be coming from the anterior wall of the 
canal. On examination, it measured 3 x 1.5 / 1 cm and had the 
consistency of nucleus pulposus. 

In the postoperative period, the pain disappeared almost com¬ 
pletely, and the patient partially recovered urinary and anal func¬ 
tion. 

The mechanism of penetration for a dural disc protrusion is 
such that the posterior longitudinal ligament must be perforated 
for the disc herniation to reach the anterior dura. Much force is 
required for this to occur and it is suggested that the mechanism 
is that of sustained pressure, causing necrosis of the dura over a 
prolonged time (221). 

MANIPULATIVE EXPECTATIONS IN THE 
CLINICAL SETTING 

Today, the clinical expectations for manipulative approaches 
are good compared with the results reported in the early stud¬ 
ies in the 1950s to 1980s. 

Splendid research on the biomechanics of the low back is 
presently being performed, and varying techniques in the surgi¬ 
cal treatment of low back conditions are being investigated and 
tried. Therefore, it is incumbent on chiropractic to develop ma¬ 
nipulative care of the low back to its utmost perfection. 

According to Dommisse and Grabe (234), a spinal surgeon 
rather than an orthopaedic or a neurosurgeon is the appropri¬ 
ate leader of the surgical team in an operation on the spine. This 
reflects the idea that a surgeon whose training is primarily in 
spinal surgery is the appropriate physician to enter the spine. It 
might also be said that some chiropractic physicians should spe¬ 
cialize in the care of the low back and make it their primary 
study and practice. To this end, the manipulative care of other 
specialists throughout the world is briefly examined. 

Hadler et al. (235) reported a randomized controlled study 
in which 54 subjects were placed under manipulative care. The 
patients were divided into two subgroups: those with acute low 
back pain of less than 2 weeks duration, and those whose dis- 










Chapter 12 Care of the Intervertebral Disc Patient 563 


comfort had persisted for 2 to 4 weeks. Outcome was mea¬ 
sured with a functional impairment questionnaire, which 
showed that those patients who had suffered a backache were 
afforded more rapid improvement if they were subjected to 
spinal manipulation. Because of the extreme prevalence of low 
hack pain in society today, this finding of relief in fewer days 
than without such care was pointed out to he a major ramifica¬ 
tion. I find this controlled study to provide a more realistic ap¬ 
praisal of manipulation than previous studies of more ques¬ 
tionable design and purpose. 

Arkus/.eqski (2 36) allocated 100 patients with lumbago or 
sciatica alternately into two groups, all of whom received stan¬ 
dard drug treatment and physiotherapy, undergoing manual 
examination twice a week. Traction, mobilization, and/or ma¬ 
nipulation was applied to all parts of the spine in the manual 
treatment group. In 60% of patients, there was concomitant 
neck pain. Blockages of the cervical segments were found in 
95% of the patients, the atlanto-occipital segment being the 
one most frequently affected. In the manual treatment group, 
the treatment period was shorter, and posture, pain intensity, 
and neurologic signs showed greater improvement both on dis¬ 
charge and 6 months later. When manipulation was compared 
with standard conservative medical care, the manipulation 
group had a 30% reduction in hospitalization time, a greater 
number who remained well at 6 months, and greater improve¬ 
ment in neurologic findings. 

Ongley et al. (237) contrasted two patient groups: an ex¬ 
perimental group of 40 patients receiving manipulation along 
with proliferant injections, and a control group of 41 patients 
receiving parallel treatment with less forceful manipulation and 
saline solution instead of proliferant. Disability scores then 
showed that the experimental group had greater improvement 
than the control group at 1, 3, and 6 months after treatment 
ended. At 6 months post-treatment, an improvement of 50% or 
more was recorded in 35 of the experimental group versus 16 
of the control group, with 1 5 of the experimental group free of 
pain versus four of the control group. The experimental group 
receiving manipulation showed significant advantages over the 
control group, who had not received manipulative care. 

Rupert et al. (238) carried out a chiropractic controlled 
clinical trial to evaluate the ef ficacy of chiropractic adjustments 
in the treatment of low back pain among 148 Egyptian work¬ 
ers. The patients were randomly assigned to one of three treat¬ 
ment regimens: chiropractic adjustments, drugs and bed rest, 
or placebo. Treatment results were evaluated by the VAS, ac¬ 
tive and passive SLR, and the finger-tips-to-floor assessment of 
forward flexion. Chiropractic treatment was associated with 
the greatest improvement. 

Cox and Shreiner (2 39) carried out a chiropractic multicen¬ 
ter observational pilot study of 576 patients with low back 
and/or leg pain to compile statistics on examination proce¬ 
dures, diagnosis, treatments types rendered, treatment results, 
number of days and treatments required to arrive at a 50% and 
a maximal clinical improvement. This study showed that 275 
(50%) of the patients showed an excellent outcome, 74 (14%) 
very good, 60(11 %) good, 36 (6%) fair, and 22 (4%) poor; 1 7 


(3%) underwent surgery, 57 (10%) stopped or did not un¬ 
dergo treatment, and 7 (1%) were examined but not treated. 
Fifty percent relief of pain was seen after 14.4 days and 9.5 
treatments (mean values). Maximal improvement was ob¬ 
tained after 42.8 days and 18.6 treatments (mean values). 

Potter (240) reported chiropractic manipulation in 744 
cases of neck and back pain, whether acute or chronic, with or 
without radicular signs. Overall statistical results reported 
were recovery in 268 cases (36%), much improvement in 257 
(34.5%), slight improvement in 54 (7.3%), no change in 161 
(21.6%), or worsened condition in 4 (0.6%). 

Nyiendo and Haldeman (241) found that 80% of low back 
pain patients seen at a chiropractic college teaching clinic were 
diagnosed as having lumbosacral strain, with 2 3% of 2000 pa¬ 
tients receiving one visit, 54% receiving two to five treat¬ 
ments, and less than 1% receiving more than 20 visits. The 
range was 1 to 81 visits, with a mean of 5.3 visits. 

Bronfort (242) reported on 298 patients with acute or 
chronic low back pain from 10 different chiropractic clinics 
who were selected for study. Fifty-three percent of them had 
consulted a medical doctor or had received other types of treat¬ 
ment because of their current episode of pain. Seventy-five per¬ 
cent of these patients reported being free of symptoms or feel¬ 
ing much better following chiropractic care. 

Waagen et al. (243) perf ormed a double-blind study of the 
ef ficacy of spinal adjustment therapy in a college clinic. Nine¬ 
teen patients with low back pain underwent a 2-week treat¬ 
ment period, with nine patients receiving chiropractic adjust¬ 
ments and ten in a control group receiving a comparable series 
of manual interventions. It was reported that the experimental 
nine patients improved significantly compared with the control 
group. 

Wooley and Kane (244) stated that major areas of difference 
were found between allopathic and chiropractic care for low 
back pain with respect to the number of visits and duration of 
treatment given. Patients were seen an average of approxi¬ 
mately 1 3 times by chiropractors, as opposed to approximately 
7 times by allopaths. However, the treatment by allopaths took 
more than 9 weeks, as opposed to 6.5 weeks for chiropractors, 
which averaged 1.2 visits per week for allopaths and 2.5 visits 
per week for chiropractors. 

Chrisman et al. (245) found that 10 of 27 patients with pos¬ 
itive myelograms had good to excellent results 3 years or more 
after manipulation. Fifty-one percent of patients with clinical 
evidence of lumbar disc rupture had good to excellent results 
from manipulation. 

A full -scale multicenter trial to include 2000 patients was 
proposed, which was found feasible after a study for a random¬ 
ized controlled trial of chiropractic and hospital outpatient man¬ 
agement for low back pain of mechanical origin (246). Patients 
who were eligible for this study were interviewed by a nurse co¬ 
ordinator who explained the purpose of the study and pointed 
out that agreement to take part involved an equal chance of be¬ 
ing treated by chiropractic or by conventional hospital methods, 
the decision being made at random. The study involved the 
Northwick Park Hospital and a local chiropractic clinic. 
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Vernon et al. (247) found manipulation to be associated 
with a statistically significant increase in serum (3-endorphin 
levels when blood testing was performed before and after 
spinal manipulation. This allows a hypothesis that pain relief in¬ 
duced by manipulation is due, in part, to a short-term increase 
in (3-endorphin levels. 

MANIPULATION AND DISTRACTION 
TECHNIQUES AND CONCEPTS FOR LOW 
BACK AND LEG PAIN TREATMENT 

In considering some of the manipulative treatments of low hack 
and leg pain resulting from IVD lesions, two approaches could 
he responsible for relief attained by manipulative efforts. These 
are, first, the reduction of anular and nuclear disc protrusion, 
with relief of the anular irritation that can cause back pain; and 
second, the possible effect of manipulation on stimulating cir¬ 
culation and causing resorption of the inflammatory effects of 
free nuclear material within the spinal canal. 

Burton's Concepts of Traction Reduction 

Burton (248) performs nonsurgical treatment of back and leg 
pain patients with acute contained disc herniations by using a 
chest harness to suspend the patient and using patient’s body 
weight as the distractive force. He finds the technique of bene¬ 
fit in the following three entities: 

1. Disc “bulging” producing distention of the anulus and pos¬ 
terior longitudinal ligament. This entity produces pain by 
stimulating branches of the sinuvertehral nerve. A dorsal ra¬ 
mus pain syndrome, typically referred to the low hack, hips, 
and knees, is produced. Pain is rarely referred as far as the 
ankles. 

2. A herniated disc, in which nuclear material extends be¬ 
yond the anulus but is contained by the posterior longitu¬ 
dinal ligament (sometimes called a “roof disc”). Compres¬ 
sion of a spinal nerve either exiting or traversing the 
interspace produces sciatic pain that radiates to the toes 
and feet, and neurologic findings that are associated with 
this compression. 

3. A herniated disc in which nuclear material extends beyond the 
anulus and is beginning to erode through the posterior longi¬ 
tudinal ligament but has not yet become a free protrusion. 

Experience has shown that when herniated disc material ex¬ 
trudes past the posterior longitudinal ligament (free protru¬ 
sion) or migrates in the spinal cord (sequestered fragment) the 
application of gravity traction accentuates pain and neurologic 
deficit rather than alleviating it. This phenomenon occurs dur¬ 
ing the first few days of treatment and is most important to 
document, because it signals the need to discontinue the trac¬ 
tion program and consider more aggressive treatment modali¬ 
ties such as chemonucleolysis or surgery. 

Figure 12.41 shows Burton’s schematic observation of what 



Figure 12.41. Computed tomography scan showing that the applica¬ 
tion of axial traction on the vertebrae, anulus fibrosus, and longitudinal 
ligaments caused the protruding disc to diminish in volume hut rarely to 
return to its normal state. The clinical problem relates to distension of 
anular and ligamentous dorsal ramus nerve fibers and spinal nerve com¬ 
pression. It is believed, on the basis of biomechanical calculation, that sig¬ 
nificant intradiscal negative pressures maybe produced. The intermittent 
reduction appears to allow reparative processes to re-establish support. 
(Reprinted with permission from Burton CV. Gravity lumbar reduction. 
In: Kirkaldy-Willis WH, eds. Managing Low Back Pain. Edinburgh: 
Churchill Livingstone, 1983:196.) 


“before and after” CT scans show when gravity reduction is ap¬ 
plied to contained discs. This indicates substantial change in 
spinal nerve root compression and suggests that the total re¬ 
duction of disc protrusion is of secondary importance to nerve 
root decompression. 

According to Hirschberg (249), herniation of a nucleus pul- 
posus causing nerve compression can heal spontaneously, pro¬ 
vided that low intradiscal pressure can be maintained for 3 
months. 

Neugebauer (250), who has treated more than 30,000 pa¬ 
tients in 14 years, has proved that a disc prolapse can be con¬ 
verted into a disc relapse. He has achieved a 99% incidence of 
healing and believes that decompression treatment provides 
the only lasting recovery for the patient with a disc prolapse. 
Neugebauer has found that, as evidenced by x-ray measure¬ 
ment, he can increase the height of the L5 disc; he has increased 
the IVD distance from 3 mm dorsally and 9 mm ventrally to 6 
mm dorsally and 1 5 mm ventrally over a course of treatment 
of 6 months. He is the first person to document that a disc can 
be re-established by decompression treatment. 

Neugebauer achieves three therapeutic effects by his de¬ 
compression treatment: 

1. The disc is re-established. 

2. The intervertebral foramen is enlarged, giving enough space 
for the nerve root to escape the prolapse. 

3. Restretching of the anterior and posterior longitudinal liga¬ 
ments brings the vertebra back into its normal position. 
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Other Concepts of Disc Treatment 

In principle, traction stretches the back so that vertebrae are 
pulled away from each other, and radiographic studies have 
suggested that spinal traction is capable of distracting vertebrae 
and diminishing disc protrusion in patients with herniated discs 
(251, 252). 

Tien-You (253) believes that manipulative reduction is the 
key to the treatment of patients with a protruded nucleus but 
asks the question: “Can a protruded nucleus be reduced by sim¬ 
ple manipulation?” His answer is that a specific feature of the 
nucleus pulposus is its strong elasticity. This elasticity has been 
used during manipulative reduction to change the shape of the 
space between the affected vertebrae and to produce a retrac¬ 
tile force by which the prolapsed nucleus is pulled back to its 
original position. 

Others (254—261) using similar techniques have provided 
strong documentary evidence to the effectiveness of manipula¬ 
tive treatment and the nonsurgical approach to the care of pa¬ 
tients with myclographically proved disc protrusion who are 
awaiting surgery. 

How much can the IVD space be opened on distraction? 
Gupta and Ramarao (262) write that traction by various meth¬ 
ods was a popular form of treatment for lumbar disc prolapse 
in the early years of this century. Subsequently, it fell into dis¬ 
repute until the middle of the century, when more modern and 
sophisticated traction techniques were introduced and became 
popular. For example, Mathews and Yates (257) are reported 
to have demonstrated the efficacy of traction in reducing lum¬ 
bar disc prolapse in three patients, with the help of epidurog- 
raphy. In this series, symptoms persisted and no change was 
seen in the patterns on epidurograms in only two of 1 4 patients, 
supporting the popular belief that disc protrusion can be safely 
treated by traction. 

Others have reported a distraction of 1.5 mm per disc space 
after lumbar traction (Fig. 12.42), and a vertebral distraction 
of 2 mm/disc after traction (262). However, a vertebral dis¬ 
traction of only 0.5 mm per disc space was reported. 

Lind (263) documented a 20.7% increase in the IVD space 
during manipulative reduction of lumbar disc protrusion. Fur¬ 
thermore, of 20 patients awaiting surgery for lumbar disc pro- 
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Figure 12.42. Effect of traction after discography. A. Disc herniation: 
dye protruding backward (to the left). B. On traction, the protruding 
disc material returns to the center of the disc. C. On relaxing the trac¬ 
tion, the disc material tends to remain in the center of the disc. (Repro¬ 
duced from Kirkalcly-Willis WH. Managing Low Back Pain. Edinburgh: 
Churchill Livingstone, 1983:179.) 


trusion, 14 received complete relief from pain within 1 hour of 
application of the autotraction technique. 

Discs absorb shock in two ways: (u) by squeezing fluid out 
of the nucleus, and/or (b) by allowing the fibers of the outer 
shell to stretch (264). Hukins and Hickey (265) show that the 
disc fibers have limited elasticity and suffer irreparable damage 
at 1.04 times their initial length. When a person is standing up¬ 
right, the discs can withstand 10 times more compression than 
the vertebrae can, so a heavy load crushes the bones before it 
ruptures the disc. Disc fibers are less capable of coping with 
torsion because the stress then concentrates at points of maxi¬ 
mal curvature. It has been reported that astronauts arc 5 cm 
taller on their return to earth than they were when they left 
(264). Nachemson (266) reports that they arc 10 cm taller. 

Protrusion or rupture of the disc is usually preceded by 
degenerative changes characterized structurally by radiating 
cracks in the anulus that develop and weaken its resistance to nu¬ 
clear herniation. As Tindall (267) points out, the sinuvertebral 
nerve supplies the posterior longitudinal ligament, periosteum, 
meninges, articular connective tissue, anulus, and vascular 
structures of the vertebral canal. The characteristic clinical fea¬ 
tures of back and leg pain, therefore, are related to irritation and 
stretching of the sinuvertebral nerve by the bulging anulus and 
by direct pressure on the nerve root, respectively (267). 

Effects of Distraction of the 
Intervertebral Disc 

According to Cyriax (268), three effects result from traction 
and its attendant distraction on the IVD (Fig. 1 2.43): 

1. Increase in the interval between the vertebral bodies, thus 
enlarging the space into which the protrusion must recede. 

2. Tautening of the joint capsule, which allows the ligaments 
joining the vertebral bodies to exert centripetal force all 
around the joint, thus tending to squeeze the pulp back into 
place. 

3. Suction. 



Figure 12.43. Positive ef fect of traction (lumbar flexion) on protrud¬ 
ing f ragment of disc. (Reprinted with permission from Finneson BE. Low 
Back Pain, 2nd ed. Philadelphia: JB Lippincott, 1980:312.) 
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Figure 12.44. Explanation of the way in which manipulation can re¬ 
duce pressure of a disc herniation on a nerve. A. Herniation with irrita¬ 
tion of branches of the sinuvertebral nerve. B. Herniation with pressure 
on a spinal nerve. C. Traction separates the vertebral bodies and allows 
the herniated material to return to the nucleus. D. Rotation encourages 
further return of herniated material to the nucleus. (Reprinted with per¬ 
mission from Kirkaldy-Willis WH. Managing Low Back Pain. Edin¬ 
burgh: Churchill Livingstone, 198 3:179.) 

Lcvcrnieux’s experiments (269) on spines under distractive 
f orces were done on cadavers whose discs were injected with 
an opaque dye and then placed under tractive forces. Radi¬ 
ographs made bef ore, during, and af ter traction showed that an 
internally disrupted disc, with the nuclear material protruding 
posteriorly into the vertebral canal, shows the dye return into 
the center of the disc as the disc space is widened. After trac¬ 
tion was complete, part of the contrast material was retained 
in the center of the disc (Fig. 1 2.42C). 

De Seze (270, 271) feels that low back pain is caused by nu¬ 
clear f ragments becoming lodged within the anular cracks. This 
creates anular bulging and pressure on the sinuvertebral sen¬ 
sory nerve innervation of the anular fibers. This explanation of 
how manipulation corrected disc protrusion is shown in Figure 
12.44. 

IS THE DISC THE SOURCE OF 
LOW BACK PAIN? 

Graham (272) explored the question of whether back pain em¬ 
anated f rom disc, f acet joint, adjacent musculature, or the lat¬ 
eral recess. Two hundred consecutive patients underwent 
discographic examination of their discs, and during the proce¬ 
dure their pain responses were monitored. In 1 1 1 of the 200 
patients, their original pain was precisely intensified during 
discography, whereas an additional 43 patients who had no pain 
during discography had an increased intensity of the presenting 
pain during the ensuing 24 hours of mobilization. Graham felt 
that these findings suggested that in most patients, low back pain 
did emanate jrom the disc, as suggested by Mixter and Barr in 1934. 


Acute Symptomatic Disc Protrusion 

Kessler (273), in a discussion on the effects of pelvic traction, 
states that “ static pelvic traction must not be used in the acute stage of 
a disc prolapse ” The patient may feel less pain while the distrac¬ 
tive force is applied, but as the traction is released, a marked in¬ 
crease in pain occurs, and the patient may even have some dif fi¬ 
culty in rising from the treatment table. Such an eff ort is probably 
caused by absorption of additional fluid by the nucleus while the 
traction is applied and the development of a high intradiscal pres¬ 
sure as the distractive force is relaxed. This unf ortunate result is 
less likely to occur with intermittent traction, but few patients in 
the acute stage tolerate this well. We of ten hear of the patient 
with low back pain who enters the hospital and is placed in pelvic 
traction. How often these patients are the same or even worse 
f ollowing such traction. In clinical practice we often see patients 
who have been hospitalized, undergone every test, and were dis¬ 
charged in the same or worse condition. Static traction actually 
opens the IVD space, allowing the nucleus to imbibe fluids, and 
can thereby increases the intradiscal pressure, which worsens the 
pressure against the already compressed nerve root. 

According to Kessler (273), if a patient is hospitalized or can 
attend therapy sessions without risking worsening of the lesion 
f rom increased intradiscal pressure, treatment can include specific 
segmental manual distraction techniques applied by a therapist 
skilled in such techniques. Oscillatory techniques can relieve pain 
by increasing large fiber and proprioceptive input, thus relieving 
some of the protective muscle spasm. Possibly, decreasing the 
longitudinal slack in the posterior longitudinal ligament and anu¬ 
lar lamellae overlying the bulge in the disc effects a centripetal 
movement of the disc material away from the pain-sensitive struc¬ 
tures. Thus, Kessler (273) believes that the management of the 
patient with an acute disc protrusion should include: 

1. Bed rest with short periods of ambulation. 

2. Avoidance of positions or activity that can increase intradis¬ 
cal pressure, especially sitting, forward bending, and the 
Valsalva maneuver. 

3. Relaxation of reflexed muscle splinting. 

4. Specif c segmental distraction techniques. 

Note that the Cox technique is a specif c intermittent distraction. 
Distraction of the disc provides a push-pull pumping effect on 
the IVD space as the caudal section of the table is gently moved 
up and down during traction. This movement creates a milking 
action on the IVD space. Remember that in the acute stage of a disc 
lesion, the patient may not tolerate traction until some oj the swelling 
and inflammation has dissipated. 

ANOTHER OPINION ON 
TRACTION APPLICATION 

McElhannon (274) gives four basic purposes for traction: 

1. Enlargement of the intervertebral disc space. 

2. Tautening of posterior longitudinal ligament to create a cen¬ 
tripetal force on the anulus fibrosus. 
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3. Separation of apophyseal joints. 

4. Enlargement of intervertebral foramina. 

He listed 12 contraindications for traction: malignancy, 
cord compression, infectious disease, osteoporosis, hyperten¬ 
sion or cardiovascular disease, rheumatoid arthritis, old age, 
pregnancy, active peptic ulcer, hiatal hernia, aortic aneurysm, 
or hemorrhoids. 

The “rule of three” is advocated by McElhannon. It says that 
the patient must be seen for distraction for 3 consecutive days 
at the beginning of care. The patient may feel some discomfort 
after the first session, but it should diminish on the second or 
third session. The lordotic curve must be flattened to distract 
the vertebrae. McElhannon advocates static traction for the 
first three sessions, to adapt the muscles and ligaments to the 
force, and then intermittent or kinetic traction, holding for 30 
seconds and releasing for 10 seconds. Acute discs are, in his 
opinion, best handled by static traction until the spasm and 
radiculitis begin to subside; then treatment should be changed 
to intermittent traction. 

STODDARD'S OSTEOPATHIC TECHNIQUE 

Stoddard (275) has described his osteopathic technique as fol¬ 
lows: 

“The treatment of intervertebral disc herniation should start long 
before it occurs. We should manipulate and mobilize osteopathic 
spinal lesions long before they lead to these degenerative changes 
and not leave them to take their course. If on examination of the 
spine we find areas of restricted mobility or even single lesions, 
our duty is to release the restricted joints and insure normality as 
far as is within our power. 

“I am of the firm opinion that a herniated disc can sometimes 
he replaced by manipulation, hut when a true prolapse of the disc 
occurs, I am convinced that it is impossible to replace the nuclear 
material by manipulation. At that stage all that can he achieved by 
manipulation is the empirical attempt to shift the position of nerve 
root and prolapsed nuclear material so that less pressure occurs on 
the nerve root. 

“By herniation of a disc I envision a bulging of the anulus suffi¬ 
cient to press on and irritate the posterior longitudinal ligament 
and dura mater without a complete rupture of the anulus and the 
posterior longitudinal ligament. If there is suf ficient outer annular 
fibers and posterior ligaments to hold the herniation from pro¬ 
truding right through them I think it ought to he possible to repo¬ 
sition the nuclear material—not that such a state of af fairs is de¬ 
sirable, it is a highly vulnerable condition—hut clinically at least 
such cases are rewarding in that the patient obtains a dramatic re¬ 
lief of symptoms. Even though at a later date he may well have a 
relapse. After all, a track has been formed in the circular fibers of 
the anulus and such a tract does not repair well, if at all, because 
cartilage once torn is not repaired with cartilage hut merely with 
fibrous tissue. At best we can hope for fibrous tissue repair and 
provide additional support either by improving the muscles sur¬ 
rounding the joint or by using artificial external supports. 


“When nuclear material has escaped into the spinal canal and 
has become wedged between the nerve root and the interverte¬ 
bral f oramen, manipulation can sometimes alter the site of pres¬ 
sure or shift the prolapsed material to another site where there is 
less irritation of the nerve roots. If the technics are designed to 
achieve this and they are sufficiently gentle to avoid f urther dam¬ 
age, they are well worth attempting because in roughly half of the 
cases the attempts succeed. If the attempts are successful, the pa¬ 
tient has still to observe caution; the hope is that the prolapsed ma¬ 
terial will in time shrink and cause less trouble. In the meantime 
a laminectomy has been avoided. If the attempt is unsuccessf ul and 
the technic is designed to avoid f urther damage, the patient is no 
worse off and, if necessary, can still take advantage of surgical pro¬ 
cedures” (275 ). a 

Stoddard’s guide to the prognosis of manipulation on the 
disc lesion is based on straight leg raising tests. If the test is pos¬ 
itive at 30° or less, the prospects of success are distinctly lim¬ 
ited. The smaller the angle, the less likely is manipulation to be 
successful, and the lower the level of disc lesion, the less chance 
of success. A probable reason for this observation is that the 
lowest intervertebral foramen has the smallest hole and the 
largest nerve root. Therefore, less opportunity presents for 
maneuver and alternation of position. 

Given a patient with a disc prolapse at the L4— L5 level, and 
an SLR that is positive at 45°, the chances of success by manip¬ 
ulation are more than 50%, success not meaning complete re¬ 
lief of pain but a substantial reduction of pain and a reduction 
of physical signs. 

Stoddard’s technique of stretching the sciatic nerve involves 
placing the patient on the side while stretching the lower ex¬ 
tremity over the side of the table. The idea is to make sure that 
the articular facets are at least mobile and that adhesions are re¬ 
leased on the nonpainful side. The technique is applied on both 
sides. Stoddard believes that this procedure alters the position 
of the nerve root and the prolapsed disc. According to him, 
during application of the flexion and extension technique with 
use of the McManis table, “the lower leaf oj the table ought not be 
pressed Jar down into too much Jlexion in case gapping oj the joint 
causes a herniation oj the disc ’ (275) (italics added). 

The technique is usef ul on both the thoracic and the lumbar 
spine, but patient cooperation and ability to grip the top of the 
table firmly and yet relax the spine must be relied on. Such con¬ 
trolled relaxation is not easy by any means but it should be pos¬ 
sible for the average cooperative patient. 

A combination of movements can be obtained by using the 
lower leaf of the McManis table to open to two of its ranges, 
but such combined movements are complex, not easy to con¬ 
trol, and rarely indicated anyway. The goal is to place the pivot 
of movement just below the level of the lesion and, while ar¬ 
ticulating all levels of the lower thoracic and lumbar joints, to 
pay special attention to those joints at which there is a restricted 
range oj movement. 

a From Stoddard A. A Manual of Osteopathic Technic. New York: Harper & Row, 1969. 
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DUAL DERMATOME SCIATICA TREATMENT 

According to most authorities, 90% of all disc lesions occur at 
one level and involve one nerve root. For that other 10%, the 
following discussion is presented (Figs. 12.45 to 12.47). 

Figure 12.45 shows the fourth lumbar disc compression of 
the Fifth nerve root. 

Figure 12.46 shows the fourth lumbar disc compressing the 
fourth lumbar nerve root. This unusual presentation has occurred 
in two patients who required surgery for repair, which I docu¬ 
mented. A differential diagnosis I have encountered in practice is 
that, at about 1 5° SLR in a patient with disc protrusion into the 
intervertebral foramen, the entire pelvis lifts off the table instead 
of flexion occurring at the hip as in normal patients (Cox sign). 

It is possible for a large disc protrusion to compress two 
nerve roots: both the one exiting at its intervertebral level as 
well as the nerve root originating at its level to exit at the fora¬ 
men one level below (Fig. 12.47). The indication for the disc 
protrusion demonstrated in Figure 12.47 would be a patient 
who has nerve root dysesthesias in two dermatomes of the same 
extremity. This would indicate either two disc protrusions or a 
prolapse, such as is demonstrated here, impinging on two nerve 
roots at one level. If the former were the case, treatment of both 
disc protrusions would result in a closed reduction of both discs. 
This would afford relief even if it were not known whether one 
or two disc protrusions were involved. Keep in mind that if the 
patient failed to show 50% relief in 3 weeks of conservative 
care, a neurosurgical evaluation would be sought. This would 
then allow discovery of such an unusual situation. An attending 
physician’s duty is to be aware of this clinical possibility. 

A difficult diagnostic situation is encountered when, during 
treatment of a third lumbar disc protrusion, an L4 nerve root 
dermatome pattern is found. If no response is found in treating 
the third lumbar disc, keep in mind the possibility of an L4 disc 
fragment into the L4 -L5 intervertebral foramen. My opinion 
is that intervertebral foramen free fragment encroachment by 
disc prolapse is often a surgical case. 

How Long Should Conservative Care Be 
Administered Before Surgery Is An Option? 

In the absence of progressive neurologic, motor, or bowel and 
bladder dysfunction, conservative therapy can be continued be¬ 
cause no significant difference in recovery of function has been 
reported between patients whose herniated discs resolved 
spontaneously and those whose herniated discs were surgically 
removed (277). 

Only 5 to 10% of patients with radicular pain require surgery. 
Surgery should be considered if symptoms have not been signif¬ 
icantly alleviated after 6 weeks of conservative therapy. 

Although intractable back and radicular pain are indications 
for surgery, the operation can be deferred for longer than 6 
weeks if the patient prefers. The length of time elapsed with¬ 
out relief, however, is probably the one best indication that the 
pain will not remit without surgery. 

Patients should be advised that the prognosis in disc hernia¬ 


tion is good, with a 90 to 95% recovery rate for conservative 
therapy alone, and that permanent disability is rare (277). 

It is commonly accepted that in the treatment of patients 
suffering from symptoms of herniated nucleus pulposus (lum¬ 
bar disc lesion), conservative management should be tried be¬ 
fore resorting to surgical procedure. The danger of surgical 
complications, the certainty that laminectomy will damage 
spine stability, and the occasional failure of surgical procedures 
to relieve symptoms indicates the advisability of an initial trial 
of conservative treatment (278). 

Differentiation of Supine and Prone Distraction Benefits 

Less lumbar sacrospinalis muscle activity is recorded during 
traction in the prone position than during traction in the supine 
position (279). 

Cervical Spine Effects on the Lumbar Spine 

Cervical spinal manipulation can have significant ef fects on the 
tone of the lumbopelvic musculature, presumably by facilitat¬ 
ing tonic neck reflexes involving intersegmental spinal path¬ 
ways (280). 

Lumbar disc herniation frequently coexists with cervical 
disc disease. A recent retrospective study of 200 patients who 
had cervical discectomy found that 31% required lumbar disc 
surgery (277). 

Transcutaneous Electrical Stimulation 

Randomized studies show transcutaneous electrical stimulation 
(TENS) units reduce both the sensory-discriminative and moti¬ 
vational-affective components of low back pain in the short term 
but that much of the reduction in the af fective component may 
be a placebo ef fect. TENS should be used as a short-term anal¬ 
gesic procedure in a multidisciplinary program for low back pain 
rather than as an exclusive or long-term treatment (281). 

Return to Work Decision-Making of Lancourt 

This is described in Chapter 9 under “Low Back Wellness 
School Principles” and you are referred to it to determine pa¬ 
tient preparedness to return to work. 

Chronic Low Back Pain Patients Do Not Have 
Restricted Lumbar Flexion 

Lumbar flexion was not reduced in chronic low back pain pa¬ 
tients. This may explain some of the current thought casting 
doubt on the presence of any true anatomic or structural im¬ 
pairment in chronic low back pain patients (282). 

TREATMENT OF THE INTERVERTEBRAL 
DISC PROTRUSION PATIENT 

Chapter 9 outlines the care of the intervertebral disc herniation 
patient under Protocol I. The chapter also covers the pre and 
postmanipulative care of the patient with disc herniation to in¬ 
clude physiologic therapeutics of galvanism and tetanizing cur¬ 
rents, nutrition, exercise, low back wellness school, home 
care, bracing, and return to work principles. 




Figure 12.45. Above left. Usual relationship of fourth lumbar disc compression of L5 nerve root. The schematic illustration of the disc hernia 
pushing the L5 nerve root aside medially was predicted analytically and verified at operation. This patient had suffered from an intermittent, extremely 
painful left-sided L5 syndrome for 18 years. During periods of serious pain, the patient walked with a definite lean toward the right. Although the pain 
had been longstanding, the only nerve root involved in this overall picture of the disease was the left L5 nerve root. A year earlier, the extensor pare¬ 
sis had become severely involved. Before that time, the extensor paresis had been variable and involved to a moderate degree. This patient had surgery 
previously in which the fourth lumbar disc was exposed, hut no hernia was found. 

In this patient, the unnatural lean to the right indicated that the L5 nerve root was pushed medially. The patient recovered rapidly and became free 
of pain as he gradually regained satisfactory extensor muscle function. (Reprinted with permission from Herlin L. Sciatic and Pelvic Pain Due to Lum¬ 
bosacral Nerve Root Compression. Springfield, IL: Charles C Thomas, 1966:42.) 

Figure 12.46. Above middle. Unusual lateral position of the disc prolapse extending into the intervertebral foramen to compress the L4 nerve 
root. This 32-year-old woman developed an acute attack of right-sided L5 syndrome 3 years prior to seeing me. Six months prior to admission, she 
had experienced an acute recurrence of the right-sided L5 syndrome with severe pain and extensor paresis. 

During examination, the L5 syndrome was confirmed, hut slight symptoms and signs from L4 were also noticed as minor radiating pain on the an¬ 
terior side of the thigh. In addition, pain occurred during palpation over the muscular attachments of the adductor muscles. The Lascgue sign was pos¬ 
itive, at a low angle, for L5. The knee jerk was normal. No sciatic scoliosis was apparent. When the patient bent to the right, distinct pain in the L5 
distribution area was elicited; less pain was provoked by bending to the left. Myelography was negative. The diagnosis indicated a nerve root compres¬ 
sion by a lateral disc protrusion on the right side in the fourth lumbar disc. This condition exerted a slight compression on L4 and severe compression 
together with a slight medial displacement on L5. 

At surgery, the fourth disc level was explored, and the L5 nerve root was displaced a little medially by the disc lesion. The intervertebral joint was 
resected to explore the L4 nerve root exiting the cauda equina through the intervertebral foramen. A major portion of the disc protrusion had been 
hidden by the intervertebral joint. Also found was the cranially displaced fragment of the nucleus pulposus that had pushed its way from the cavity and 
became lodged under the posterior longitudinal ligament of the spinal canal. It produced a sharp-angled cone that pinched the L5 nerve root at its an¬ 
gle of departure from the cauda equina. 

The patient was immediately free of pain, and the extensor power returned quickly. (Reprinted with permission from Herlin L. Sciatic and Pelvic 
Pain due to Lumbosacral Nerve Root Compression. Springfield, IL: Charles C Thomas, 1966:42.) 

Figure 12.47. Above right. L5—SI disc protrusion prolapse compressing both the L5 nerve root at the intervertebral foramen and the SI nerve 
root at its origin at the cauda equina. 

This schematic is of a 32-year-old housewife who had had two children and who had a history of intermittent low hack pain and lumbago for sev¬ 
eral years. She had suf fered two spontaneous miscarriages, the latest 4 months prior to admission, which had been immediately followed by the onset 
of left-sided sciatica. 

Examination indicated mixed nerve root syndromes of a painless lateral L5 syndrome, an ordinary dominant SI syndrome, and a left-sided S2 syn¬ 
drome. The left S3 was also involved. Left S2 pain could he provoked at palpation over the inguinal region, the tuber ischii, the medial part of the fossa 
poplitea, and medially over the soleus muscle of the calf. S3 pain was provoked over the symphysis and the most median part of the gluteal muscula¬ 
ture. No obvious scoliosis was seen. 

Diagnosis was a large hernia in the fifth lumbar disc extending from the left lateral to the median line with its maximal hulk where the SI nerve root 
runs over the disc. Surgery confirmed the presence of a large disc hernia. The disc was evacuated and recovery was excellent. 

Comment: The two miscarriages appear to have resulted from a lower sacral nerve root compression that caused the onset of the lumbago, with 
the sciatica developing later. 

Herlin (276) documents other urogenital diseases caused by lumbosacral nerve root compression. On page 79, he discusses a situation he had encoun¬ 
tered in which severe pelvic pain and urogenital infection might he caused by a factor similar to that of sciatica-nerve root compressions from the outside 
because of dif ferent types of disc degeneration. He believes that the possibility exists that whole pelvic diseased states depend on multiple nerve root com¬ 
pressions of the S2 and the lower sacral nerve roots. Surgical relief of lumbosacral nerve roots resulted in normalization of diseases such as salpingitis, painful 
irregular menstruations, vaginal discharge, sluggish frequent urination, cystitis, prostatis, urethritis, infertility, impotency, and vertigo. (Reprinted with 
permission from Herlin L. Sciatic and Pelvic Pain Due to Lumbosacral Nerve Root Compression. Springfield, IL: Charles C Thomas, 1966:42.) 
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PRESENTATION OF DISC HERNIATION 
PATIENTS FROM THE AUTHOR'S 
CLINICAL PRACTICE 

L5-S1 Disc Herniation 

Case 8 

Figures 12.48 and 12.49 show a right L5-51 paracentral disc her¬ 
niation. This patient had surgery with a good clinical outcome. 

L3-L4 Disc Herniation 

Case 9 

Figures 12.50 and 12.51 show an L3-L4 left paracentral to pos¬ 
terolateral disc herniation that contacts the thecal sac and the lat¬ 
eral recess where the L4 nerve root exits. This case involved is a 
31-year-old chiropractor with low back pain and left anterior 
thigh numbness that started after a lifting incident. 

Distraction adjustment was given at the L3-L4 disc followed 
by positive galvanic treatment of the disc and exiting lateral re¬ 
cess. Tetanizing current was applied to the paravertebral muscles. 
Exercises of stretching the hamstring muscles, knee chest flexion 
exercise, abdominal strengthening, and stretching of the abduc¬ 
tor and adductor muscles were performed. Complete remission 
was obtained. 

L4-L5 Synovial Cyst and Disc Herniation 

Case 10 

Figures 12.52 to 12.54 show advanced L5-51 degenerative disc 
disease with an L4-L5 disc herniation. A synovial cyst is seen of 
the left L4-L5 facet joint, which accompanies facet arthrosis. The 
coronal image reveals Til —T12 disc herniation anteriorly and pos- 



mi t 


Figure 12.48. A large right paracentral disc herniation (arrow) at the 
L5 S1 level that contacts the thecal sac and surrounds the right SI nerve root. 


■ 



Figure 12.49. Sagittal magnetic resonance imaging shows the L5—SI 
disc protrusion with loss of signal intensity at the L4 and 1.5 disc levels 
caused by degenerative changes. 


teriorly. This case had a successful outcome with distraction ad¬ 
justment of the L4-L5 level and positive galvanic current into the 
left facet articulation. 

Dual Disc Herniations 

Case 11 

This was a case of bilateral sciatica with two-level disc hernia¬ 
tion. Figure 12.55 shows a left L4-L5 posterolateral disc herni¬ 
ation and Figure 12.56 a right L5-51 herniation. Figure 12.57 
shows Schmorl's nodes throughout the lumbar spine and Figure 
12.58 shows the large L4-L5 and L5-51 herniations in sagittal 
image. 

This patient had foot drop in the left leg and weakness of the 
right gluteus maximus and hamstring muscles with a diminished 
Achilles reflex on the right. Bilateral sciatica, left L5 and right 51, 
was present. Distraction adjustments saw complete return of mo¬ 
tor strength and relief of pain. 

An interesting point in this case is that had the two discs her¬ 
niated on the same side, resulting in unilateral L5 and 51 nerve 
changes, the outcome would have been much more in question, 

I feel. The reason is that two nerve root involvement on one side 
does not permit the axon sprouting to allow one nerve root to as¬ 
sist in rehabilitating the lost nerve function. This results in more 
permanent disability. 
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Figure 12.50. Sagittal magnetic resonance imaging shows the L3—L4 
disc herniation with the outline of the posterior longitudinal ligament. 
(arrowhead). 



Figure 12.52. Extensive L5—SI degenerative disc disease is seen (open 
arrow ) with an L4—L5 disc protrusion (curved arrow). Also note the 
Tl 1—'T12 anterior disc herniation. 



Figure 12.51. Axial magnetic resonance imaging shows the left pos¬ 
terior lateral L3—L4 disc herniation ( arrowhead ) that contacts the thecal 
sac and narrows the foramen. 










572 Low Back Pain 




Figure 12.56. Axial magnetic resonance imaging shows a right L5 SI 
disc herniation (arrow) that occluded the right lateral recess. 



Figure 12.57. Sagittal views show multilevel Schmorl s nodes and 
anterior disc invaginations of the end plates resulting in somewhat 
trapezoid-shaped vertebrae. 

Figure 12.55. Axia/ magnetic resonance imaging shows a left LA — L.5 
disc herniation (arrow) that occludes the lateral recess. 
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Figure 12.58. Sagittal magnetic resonance image showing L4— L5 and 
L5—SI degenerative disc changes with large disc herniations at both lev¬ 
els (arrows). 


L5-S1 Sequestered Disc Fragment 

Case 12 

Figures 12.59 and 12.60 show a large free fragment in the right 
lateral recess and central canal at the L5-51 level. Note the disc 
herniation fragment completely obliterates the right 51 nerve 
root {arrow). This large disc fragment responded to distraction 
adjustment with relief. 


L5-S1 Disc Herniation 

Case 13 

Figures 12.61 and 12.62 reveal a right L5-51 disc herniation in a 
45-year-old woman who developed right first sacral dermatome 
pain following an attempted manipulation of her low back by her 
husband. Distraction adjusting of the L5-51 disc space with trig¬ 
ger point therapy and positive galvanism of the L5-51 disc and 
51 nerve root yielded 90% relief within 3 weeks of care. 


L4-L5 Large Disc Herniation 

Case 14 

Figure 12.63 shows a large L4-L5 disc herniation on sagittal MRI in 
a 32-year-old man with both L5 and 51 left lower extremity pain 
radiating to the foot and toes. He was originally treated with med¬ 
ications for a diagnosis of inflammation of his tailbone. Left plan¬ 
tar flexion and great toe flexion were grade 4/5 with a diminished 
left Achilles reflex. Deep tendon reflexes were 2/2 in the remaining 
lower extremity. Hypesthesia of the left L5 and 51 dermatomes was 
noted. 

At 3 weeks of distraction adjustments, 50% relief of the left 
lower extremity pain was attained. A neurosurgical opinion found 


a good response to chiropractic distraction adjusting andcarecon- 
tinued with complete pain remission and return of motor power. 


L5-S1 Large Disc Fragment 

Case 15 

Figures 12.64 and 12.65 show a large right free fragment of 
L5-51 disc that occludes the right lateral recess and extends be¬ 
hind the first sacral body. 



Figure 12.59. Axial image shows a large right disc fragment lying 
within the lateral recess and central canal (arrow), which totally obliter¬ 
ates the visualization of the right SI nerve root. (Case is given by David 
Puentes, DC.) 



Figure 12.60. Sagittal view shows the fragment seen in Figure 12.59 
lying posterior t o the first sacral segment (arrow ). (Case i s given b y David 
Puentes, DC.) 




Figure 12.61. Axial image shows a 
lhal denies visualization of the right SI 


nerve root 


Figure 12.63. Sagittal magnetic resonance imaging shows a large 
L4—L5 disc protrusion (arrow). 


Figure 12.64. Axial magnetic resonance imaging shows the large free 
fragment of L5—SI disc material within the lateral recess (arrow). 


Figure 12.62. Sagittal section shows the L5—SI disc protrusion 
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Figure 12.65. Sagittal image shows the fragment to he lodged behind 
the first sacral body. 


This 31-year-old man was told by two surgical groups to have 
surgery, but he wants nonsurgical care. He is treated with the un¬ 
derstanding that 50% relief must be attained within 1 month of 
care or surgery will be performed. At initial examination, the right 
SLR was positive at 35°, ranges of motion at the thoracolumbar 
spine were limited to 60° flexion, 20° extension, and 10° lateral 
flexion. The ankle jerk was absent on the right side and hypes- 
thesia of the right SI dermatome was noted on pinwheel exam¬ 
ination. 

Treatment consisted of distraction adjustments, positive gal¬ 
vanism into the L5-S1 disc space with heat, and tetanizing cur¬ 
rent to the paravertebral muscles while ice was applied to the 
spine, exercises of knee chest and pelvic tilt, and home care of al¬ 
ternating hot and cold fomentations to the low back followed by 
massage and the wearing of a lumbosacral brace. Slow steady re¬ 
lief occurred until the patient was back to work after 1 month of 
care. The Oswestry Pain index went from 40% when first seen to 
zero in 6 weeks. The VAS went from initial 7 to 1. The patient at¬ 
tended low back wellness school to learn proper ergonomics for 
his spine. Complete remission of the symptoms occurred. 

L4-L5 Disc Prolapse 

Case 16 

The following case is presented from the practice of Charles C. 
Neault, DC, of Simi Valley, California. It is a case report in which a 
diagnosed L4-L5 lumbar nuclear prolapse, verified by MRI and 
treated with Cox distraction manipulation, was managed success¬ 
fully and the reduction verified with a post-treatment MRI scan. 

A 58-year-old woman presented complaining of low back and 
left leg pain of 1.5 weeks duration following moving a couch in 
her home. She indicated that she had some minor back problems 


previously, for example, when doing gardening. The pain usually 
lasted only a day or two and would go away. On this occasion, 
not only did the low back pain not go away, but she had left leg 
pain, which she had never had previously. 

On examination, the patient was in severe distress. She 
weighed 180 pounds and was 5 feet, 9 inches tall. 

She indicated that her low back pain was not aggravated by 
coughing or sneezing; however, the pain occasionally was worse 
on sitting. She also indicated that her leg pain appeared simulta¬ 
neously with the back pain, and that it went all the way to the 
foot. The patient exhibited a left limp, a left antalgic lean, and se¬ 
vere paravertebral muscle spasm. 

Bechterew's test was normal. Minor's sign was positive on the 
left, and the Valsalva maneuver was negative. The Neri's bow test 
and Lewin's standing tests were normal. Palpation revealed pain 
and tenderness on the spinous process of L4 with percussion pos¬ 
itive. There was loss of lumbar lordosis. Range of motion was lim¬ 
ited to60°flexion with pain. Other motions were normal. Kemp's 
sign was positive on the left, with the right normal. Heel and toe 
walk were normal. Straight leg raise sign was left positive at 45° 
with a negative well leg raise sign. Patrick-Fabere sign was posi¬ 
tive on the left and negative on the right. 

Muscle testing revealed weak dorsiflexion of the foot, and 
great toe and foot eversion on the left. Milgram's sign was posi¬ 
tive on the left low back. The deep reflexes at the patella and heel 
were +2 bilaterally and were equal. Sensory dermatome testing 
revealed a decrease of the left L5 dermatome as well as a slight 
decrease of the left SI dermatome. Circulation of the lower ex¬ 
tremities was normal. The clinical impression following workup 
was an L4-L5 left subrhizal nuclear prolapse. 

An initial MRI-CT combined study was made. It showed a de¬ 
generative L4-L5 disc and a posterior central and left-sided disc 
herniation measuring 6 mm (Figs. 12.66 and 12.67). Also seen 
was a free sequestered fragment of disc material posterior to the 
L5 vertebral body, measuring 5 mm by over 1 cm in height. This 
had escaped from the L4-L5 space and migrated caudally behind 
the L5 body. 

Treatment originally was for 2 weeks on the basis of daily care 
as the patient continued to work. On the day of the MRI-CT re¬ 
port, she was placed on disability and was treated twice a day for 
9 days, at which time her pain decreased by 80% subjectively, 
and the SLRs were negative bilaterally. Prior to stopping work, she 
still had low back pain and a positive SLR of 65°. 

At the end of the ninth day of treating the patient twice daily 
while she was off work, she complained of only occasional leg 
numbness and tingling, which was felt to be compatible with 
residual healing of the disc lesions. The patient returned to work 
1 month later and was totally asymptomatic. No neurologic or or¬ 
thopaedic findings of a positive nature could be elicited from the 
patient at that time. 

Follow-up MRI and CT scans (Figs. 12.68 and 12.69) were 
made 21 days following the initial study. The radiologist reported 
that the size of the sequestered fragment had decreased signifi¬ 
cantly since the initial studyshown in Figures 12.61 and 12.62. In 
addition, disc space height increased at L4-L5. Not only had the 
free fragment decreased in size, but also the L4-L5 posterior her¬ 
niation had decreased as well, as shown on CT scan. 

This was a severely sequestered disc fragment, and the patient 
had been told by a neurosurgeon to have surgery for its removal. 
Seeking chiropractic care resulted in Cox closed reduction dis¬ 
traction manipulation being administered, which enabled the pa¬ 
tient to get well and resume her activities full time with no par¬ 
tial disabilities. 

Although a disc bulge and a small sequestered fragment were 
present on the second MRI, it certainly indicated and provided 
concrete proof that the size of a patient's spinal canal is more im¬ 
portant than the size of the disc lesion, which must certainly be 
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Figure 12.66. Sagittal (A) and axial (B) section magnetic resonance image prior to manipulation shows 
decreased signal of the L4 -L5 disc, indicating a degenerating disc. The L4-L5 disc extends 6 mm beyond 
the vertebral body end plate and compromises the cauda equina. A large t ree fragment of sequestered disc 
is seen to lie posterior to the L5 vertebral body, measuring 5 mm in diameter sagittally and more than 1 cm 
craniocaudally (straight arrow ) on the sagittal and on the axial view (curved arrow). 



Figure 12.67. A. Computed tomography scan shows the large, left central disc protrusion (straight ar¬ 
row). B. Disc protrusion seen compromising the left lateral recess and thecal sac (curved arrow). 
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Figure 12.68. Repeat magnetic resonance imaging, performed 21 
days after the initial study shown in Figure 12.66, shows the disc se¬ 
questered fragment to he significantly smaller (arrow), and the patient 
now has no symptoms of low hack or left leg pain. 



Figure 12.69. Repeat computed tomography scan also shows marked 
reduction of the disc protrusion ( arrows ) as seen in Figure 1 2.67. 


taken into consideration when a sequestered fragment or a disc 
bulge is reported. 

This was a unique case with "before and after" scans that 
demonstrated the possible effectiveness of flexion distraction as 
applied and taught in this textbook. In the past, patients with 
fairly large disc herniations and ruptures of this nature had to re¬ 
sort to either conventional methods of chiropractic manipulative 
therapy or open surgery for relief of pain. 


L4-L5, L5-S1 Disc Degeneration and Facet- 
Generated Foraminal Stenosis 

Case 77 

A 40-year-old woman with chronic low back pain and right knee 
pain was seen; her MRI studies are shown in Figures 12.70 to 
12.72. Distraction manipulation was given. The result, following 
3 weeks of care, was absence of leg pain and isolation of pain to 
the right L5-51 facet articulations. Treatment then consisted of 
full range of motion to the facet joints of the lumbar spine, with 
a vigorous home exercise program of stretching and Cox exer¬ 
cises. The patient was left with right L5-51 facet joint pain on pro¬ 
longed sitting, bending, lifting, or twisting movements of the 
waist. She attended low back wellness school to learn ergonomic 
control of her low back pain. 

This is an excellent case of a patient with an unstable disc at 
L4-L5 with anular tearing and herniation, as well as vertical 
stenosis by facet imbrication of the L5 superior facet into the up¬ 
per aspects of the L4-L5 intervertebral foramen where the L4 
nerve root exits the cauda equina and vertebral canal. This patient 
must maintain constant care in using her low back to prevent 
more serious disc damage and nerve root compression irritation, 
which could necessitate surgery. 


LUMBAR SPINE TREATMENT ENDING 

This chapter on low back treatment concludes with an exciting 
dissection performed by Chae-Song Ro, Ml), PhD, of the 
anatomy department of the National College of Chiropractic, 
followed by an algorithm of treatment selection dependent on 



Figure 12.70. Magnetic resonance imaging sagittal study shows pos¬ 
terior bulging of the L4— L5 and L5— S1 discs, with degenerative changes 
of the discs noted ( arrows ). 
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Figure 12.71. Note the loraminal narrowing (arrow) at the L4— L5 
level and the compromised space t or the L4 nerve root. 



Figure 12.72. Observe the L4—1.5 disc protrusion (curved arrow ) and 
the vertical stenosis of the L4 L5 foramen by the telescoping of the L5 
facet into the upper loraminal space (straight arrow). 


patient objective and subjective findings. I conclude with this 
beautiful dissection (Figs. 1 2.73 and 12.74) because it so well 
capsulizes the probable pain pathways of the lumbar spine. It 
shows the spinal nerve within the intervertebral foramen and 
its divisions into the dorsal and ventral ramus. The dorsal ra¬ 
mus will supply the multifidi, sacrospinal is, aponeurosis of the 
latissimus dorsi, iliac crest, and buttock as cutaneous nerves 
(cluneal nerves LI, L2, L3), and the articular processes. The 
ventral ramus of the lumbar, sacral, and coccygeal nerves will 
form the lumbosacral plexus. This plexus will form the lumbar, 
sacral, and pudendal plexi. The lumbar plexus will form the il¬ 
iohypogastric, ilioinguinal, genitofemoral, lateral femoral cu¬ 
taneous, femoral, obturator, and accessory obturator nerves. 
The sacral plexus will form the sciatic nerve, and the pudendal 
plexus will form the pudendal nerve, perineal nerve, dorsal 
nerve, inferior hemorrhoidal nerve, and the scrotal branches. 

The communicating ramus from the sympathetic ganglion- 
ated chain (gray ramus communicans) will join the ventral ra¬ 
mus, and the recurrent meningeal nerve will be formed, which 
gives off the nerve supply to the disc inside the vertebral canal, 
the posterior longitudinal ligament, the ligamentum flavum, 
the facet capsule, and the epidural vascular plexus of the 
medulla spinalis and its membranes. 

The bottom line in care of the intervertebral disc patient is 
treatment selection and the proper chronology of such care. 
Physicians need to start with conservative care, being con¬ 
stantly aware of the changing faces of patient symptoms and 
findings that dictate and demand diagnostic action and treat¬ 
ment regimens. Table 12.1 summarizes my basic decision¬ 
making protocol in dealing daily with clinically positive low- 
back disc cases. It is hoped that it will aid in leading you through 
this often demanding and complex patient syndrome of low 
back pain and sciatica. Table 12.2 is a Mow chart summariz¬ 
ing treatment selection procedures based on the diagnosis of 
the patient’s complaint. I use Tables 12.1 and 12.2 as clinical 
decision-making parameters in daily practice. 

Thoracic Spine Herniated Disc 
Diagnosis and Treatment 

Increasing awareness and care of thoracic spine disc herniation 
dictates that chiropractic care be discussed. This chapter will 
conclude with this condition. 

Incidence and Occurrence 

Thoracic disc herniation is an uncommon entity and it is diffi¬ 
cult to diagnose. Its incidence is reported at two to three cases 
per thousand patients with disc protrusion or one patient per 
million population per annum (283); 4% incidence has also 
been reported (284). It accounts for 1.5 to 1.8% of all disc op¬ 
erations (283, 285—287). It is most common in the fourth to 
sixth decades of life and has a predilection for the lower tho¬ 
racic levels (286). 

Equal sex incidence is reported. The location is usually be¬ 
low the sixth thoracic level. Trauma is found in a significant 
percent of cases (283, 288, 289). Til T12 level is reported as 
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Figure 12.73. Dissection of the outside of the spine showing the sympathetic ganglionated chain giving 
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Figure 12.74. Vertebral bodies have been carefully removed to allow visualization of the recurrent 
meningeal ramus. The sympathetic ganglionated chain is seen, with the gray ramus from it joining the ven¬ 
tral ramus to form the recurrent meningeal nerve (sinuvertebral nerve) that will enter the vertebral canal 
to supply the structures within it. 
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Table 12.1 


Algorithm of Diagnosis and Treatment Protocol for Decision Making in the 
Sciatica Patient 


Low Back and Sciatica Decision Analysis 


Surgical 

Consultation 



Cauda Equina Symptoms No Cauda Equina 

Symptoms 



CT, Computed tomography; MR1, magnetic resonance imaging; R#M, range of motion; SLR, straight leg raising; LENS, transcutaneous electrical 
neuromuscular stimulation. 


the most common level (290). Occupations such as weight 
lifters and paratroopers show high incidences (291). 

Torsional force is suggested as the cause of lower thoracic 
and upper lumbar disc degenerative changes (292). 

Symptoms 

Localized or referred pain is the most frequent symptom. 
Brown-Sequard syndrome may be evident (293). The thoracic 
spinal canal is narrow and is highly susceptible to compressive 
and vascular insufficiency factors (284, 285, 289, 293—298). 
Central disc protrusion above T10—T1 1 is related to a high inci¬ 
dences of paraplegia (294). Urinary bladder dysfunction can oc¬ 
cur later and multiple level nerve root signs can be present (295). 


Obtrusive and disagreeable paraesthesia below the level of 
the lesion is reported in over half of cases. Motor weakness is 
found in all cases (293). Gait abnormalities are a key to diag¬ 
nosis because of motor disturbance; sensory changes in the 
lower extremity, abnormal reflexes, pain and visceral referral 
of pain, and SLR signs are positive (295). 

Drunklike staggering and difficulty walking was the chief 
complaint of a 27-year-old woman. Deep tendon reflex in¬ 
crease of the lower extremities was noted with spastic hemi- 
paresis of the left leg. Clonus was noted. A T9 complete block 
on CT was found, and disc fragments and osteophytes were 
surgically removed. The patient developed Brown-Scquard- 
like syndrome postsurgically. Outcomes of surgery for tho- 



Chapter 12 Care of the Intervertebral Disc Patient 581 


Table 12.2 


Flow Chart of Treatment for Low Back and Leg Pain Patients 


Low Back and Leg Pain Patient Flow Chart of Treatment 



No leg pain, only low back pain 
(may have thigh discomfort; not below knee) 


Low back and dermatome leg pain 
(pain into calf and/or foot) 



Disc anular irritation Facet syndrome 


discogenic spondy- 



Spondylolisthesis 
transitional segment 


Failed back 
surgical syndrome 


Disc involvement 
very probable 



Treatment Complete ROM; 

diagnostic palpation 
followed by restora- 
tion of motion by Cox 
treatment; remember 
—avoid rotation at 
L4-L5, L5-SI 


Distract and test ROM only 

ROM above level above level 

of involvement, of fusion 

that is, if L5 
spondylolisthesis 
or transitional at 
L4 level 


ROM each Cox distraction 

segment reduction only 

until dermatome 
pain reduced at 
least 50% by SLR 
and ROM tests. 
No range of 
motion treatment 
until leg pain 
relieved 


ROM, range ol motion; SLR, straight leg raising. 


racic disc are not as good as for cervical or lumbar disc herni¬ 
ations (299). 

Horner’s syndrome, hand weakness, anterior chest and 
parascapular pain, neck and radiating upper extremity pain 
were the result of T1 T2 sequestration into the epidural space. 
Surgical removal resulted in relief. This is an unusual site for 
thoracic disc herniation (300). 

Papilledema has been associated with thoracic disc hernia¬ 
tion which resolved after surgical removal of the lesion. Most 
cases of papilledema occur with intradural spinal tumors, usu¬ 
ally ependymomas. The increased intracranial pressure induc¬ 
ing the papilledema may he a hyperproteinorrachia or tumor 
release products effect on the arachnoid membranes. In this 
case of disc herniation, partial spinal block resulted in elevated 
protein caused by chronic epidural venous congestion because 
of the cord compression (290). 


A patient with chronic epigastric abdominal pain attributed to 
chronic pancreatitis was scheduled for pancreatectomy for pain 
control. A herniated thoracic disc was found that was presenting 
as chronic pancreatitis. Chronic abdominal pain should include a 
suspicion of thoracic spine disc herniation in the diagnosis (301). 

Multiple sclerosis coexisted in two cases of thoracic disc 
herniation patients, and it presents an atypical postoperative 
course when thoracic disc removal is done (302). 

Diagnosis 

As recently as 1987 myelography was reported to he the diag¬ 
nostic imaging procedure of choice to diagnose thoracic spine 
herniated discs with only minimal documentation of CT and no 
reports of MRI use in diagnosis. MRI then emerged as an ef¬ 
fective method of diagnosis and continues to he the imaging 
modality of choice (303). 
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Plain radiographs are nondiagnostic and may show degener¬ 
ative disc disease (293). Discography of thoracic and thora¬ 
columbar discs is reported to be safe and effective in evaluating 
dorsal pain and disc degeneration (305—307). 

Two level (T6—T7 and T7 T8) herniation has been re¬ 
ported. This is a rare diagnosis. Trauma preceded the onset of 
symptoms, which were midthoracic radiating bandlike pain 
around the chest and occasional leg pain. Dejerine triad aggra¬ 
vated the pain as did deep inhalation. Enuresis, impotence, and 
lower extremity weakness and numbness existed. Examination 
showed sensory deprivation of the lower extremities, normal 
motor strengths, normal proprioception, negative Babinski and 
deep tendon reflexes. SLR was negative. Pain on palpation in 
the mid and lower thoracic area with range of motion restric¬ 
tion was noted. Plain x-rays studies were normal with en¬ 
hanced CT revealing the herniations. Treatment with the pos¬ 
terolateral approach relieved the symptoms (293). 

A 16-year-old girl became paraplegic following a headstand 
when severe back pain set in. MRI showed T1 1—'T1 2 collapsed 
disc space and intraspongious disc prolapse into the T 12 verte¬ 
bral body. Fibrocartilaginous embolism of the spinal cord was 
diagnosed because of the acute vertical disc herniation into the 
T1 2 vertebral body causing increased intraosseous pressure and 
setting up spinal cord infarction because of the nucleus pulpo- 
sus fibrocartilaginous embolism formation (308). 

Calcified Discs in Children 

Children have rarely been reported to show ruptured calcified 
thoracic discs. A 12-year-old girl presented with severe mid- 
thoracic spine pain radiating into both buttocks and anterolat¬ 
eral thighs. A calcified T12—LI disc that protruded posteriorly 
was seen on plain x-ray study. Urinary retention developed 
with proprioception abnormalities, sensory deficit, and posi¬ 
tive SLR. Myelography showed complete block at the T1 2—LI 
disc level. A 1-cm calcified disc fragment was surgically re¬ 
moved and at 6 months the disc calcification had resorbed. Such 
central disc prolapses produce symptoms not only from com¬ 
pressive factors, but also possibly from thromboses of the an¬ 
terior spinal artery with subsequent infarction of the spinal 
cord. Conservative care is urged for clinical signs of nerve root 
compression and surgery for cases not responding to such care 
unless long tract signs are present (309). 

A 12-year-old boy with acute cervical and interscapular 
pain, torticollis, and fever showed a T3—T4 calcified disc and 
posterior herniation of nucleus pulposus on CT. Medication al¬ 
leviated the symptoms without surgery (310). 

Calcification is a rare condition in children; fewer than 1 30 
cases have been reported (31 1). The nucleus pulposus is calci¬ 
fied and occurs most frequent between ages 5 to 10 years with 
male predominance (312). No cause can be found usually. 
Congenital abnormalities such as bilateral cataracts, infection, 
cardiac lesions, and bone abnormalities have been reported 
(313, 314). 

A summary of findings of calcified disc is focal or referred 
pain of acute onset, painful limitation of motion, muscle spasm, 


tenderness and torticollis, sometimes local signs of inflamma¬ 
tion with fever, leukocytosis and erythrocyte sedimentation 
rate elevation, x-ray evidence of disc calcification and protru¬ 
sion. A self-limited clinical course with limitation of the calci¬ 
fied disc syndrome to the pediatric age patient is noted (309). 

TREATMENT OF THORACIC 
DISC HERNIATION 

Surgical approaches are not discussed in this text. Multiple and 
controversial surgical approaches are used only if conservative 
care is unsuccessful or long tract signs are present with pro¬ 
gressive neurologic deficits. A case of conservative chiroprac¬ 
tic distraction adjusting will be presented that was successful in 
alleviating the patient’s symptoms. 

A 40-ycar-old athletic woman complained of midthoracic 
“shawl” distribution pain in the upper and midthoracic spine 
area. She had fallen 2 years previously after which the pain 
started. She saw a physiatrist, had physical therapy, and chiro¬ 
practic treatment, which did not help. MRI (Figs. 12.75 and 
12.76) shows degenerative disc disease and spondylosis at the 
T8—T9 level with impingement of the thoracic cord to the right 
of the midline. 

Treatment with distraction adjustment shown in Figure 
1 2.77 as well as positive galvanic current applied to the right 
T8—T9 discogenic change was given. Flexibility and strength¬ 
ening exercises were given to the thoracolumbar spine and the 
relief was excellent with pain only on prolonged use of the 
spine such as lifting and bending. 



Figure 12.75. Sagittal magnetic resonance image of the thoracic spine 
showing the disc protrusion at the T8—T9 level. 
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Figure 12.76. Axial magnetic resonance imaging at the T8-T9 level 
shows (arrow) the right degenerative disc disease and spondylosis con¬ 
tacting the cord and creating stenosis of the lateral recess. 



Figure 12.77. Cox distraction adjustment applied to the T8—T9 seg¬ 
ments. 


Comments on Thoracic Disc Herniation 
Concerning Treatment 

Ninety asymptomatic patients underwent MRI of the thoracic 
spine with 53% of them showing disc herniations, 58% an anu- 
lar tear, deformation of the spinal cord in 29%, and 38% 
Scheuermann’s disease. Clinical decision-making must be based 
on clinical findings because high percentages of normal persons 
show thoracic disc herniations on MRI (315). 

Twenty patients with 48 asymptomatic thoracic disc herni¬ 
ations diagnosed with MRI were followed for 26 months with 
21 small herniations showing no size change and 3 increased in 
size. Of 20 medium-sized herniations, 16 showed small or no 
change and 1 a significant increase in size and 3 a decrease in 
size. Of 7 large herniations, 3 demonstrated no change, 4 a de¬ 
crease. Five new herniations were discovered, 1 small and 4 
moderate in size. Asymptomatic discs seem to be in flux as to 
size. Small discs tend to get larger and large ones smaller. All 


patients remained asymptomatic, although none of the discs re¬ 
solved completely (316). 
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This chapter, which deals with probably the single most com¬ 
mon factor seen in chiropractic practice with low back pain pa¬ 
tients, begins with a discussion of the biomechanics of the pos¬ 
terior elements of the lumbar spine. 

Superimposed loads on the lumbar spine are borne by the 
body-disc-body anteriorly and by the two articular facets pos¬ 
teriorly; ligaments provide stability for the posterior elements 
andthe intervertebral disc (IVD). It is obvious that wei ghtd is- 
tribution on these elements changes with degenerative disc 
disease, in which narrowing of the disc places disproportion¬ 
ately more weight on the articular facets. 

COMPRESSIVE FORCES ACTING ON THE 
ARTICULAR JOINTS 

The compressive force passing through the posterior column 
(articular facet joints) has been obtained by taking the area of 
the inferior articular facets. The vertebral body surface area 
gradually increases fromT5 to L4, indicating increased weight¬ 
bearing by the anterior column from above downward. The 
L5 vertebral body is significantly smaller than that of L4, indi¬ 
cating that compressive force is diverted before reaching the 
L5 inferior surface (1). 

The mean articular facet area increases suddenly at L4 and 
L5 as compared with the upper lumbar levels, indicating more 
compressive force occurs at the articular facets in the lower 
rather than in the upper lumbar spine (Table 13.1). Transfer 
of part of the compressive force from the anterior to the pos¬ 
terior column is suggested. The increased transfer of weight 
through the pedicles at L5, which is an area of forward and 
downward inclination of forces as L5 sits on the sacrum at an 
inclined plane, has been off ered as an explanation for the stress 
leading to fracture of the pars intcrarticularis (spondylolysis) 
and resultant spondylolisthesis. 


Disc Versus Facet 
Compressive Weightbearing 

It is important to know, under compressive loading, how 
much wei g ht is borne by the articular facets versus the inter¬ 
vertebral disc. The percentage of weightbearing compressive 
load transmitted through the articular facets, in persons with 
normal IVDs, no evidence of degeneration, and a slightly flat¬ 
tened lumbar lordosis (Fig. 13.1), has been measured at 1 6% 
in two studies (1,2) and between 3 and 25% in another (3). 
Morris et al. (4) state that 70% of the superimposed body 
weight is carried on the vertebral bodies and 30% on the ar¬ 
ticular facets. Fiorini and McCammond (5) concluded that 
12% of the weightbearing was on the facets. 

In degenerative disc disease, the articular weightbearing 
is as high as 47% (3) or up to 70% (2). Much of this abnor¬ 
mally high resistance is caused by extra-articular impinge¬ 
ment of the facet tips on the adjacent lamina or pedicle, and 
the apophyseal joints develop gross osteoarthritic changes. It 
is possible that the joint capsule is nipped by such high stress 
placed on the tips of the articular facets. This may explain 
why standing for long periods can produce a dull ache in the 
low back that is relieved by sitting or by using some device, 
such as a bar rail, to rest one foot upon, to induce slight flex¬ 
ion of the lumbar spine (2). This contact between facet tip 
and lamina is labeled in chiropractic as a “facet-lamina syn¬ 
drome.” 

It is shown that if the lumbar spine is slightly flattened (as 
occurs in erect sitting or heavy lifting), all the intervertebral 
compressive force is resisted by the disc. However, when lor¬ 
dotic postures, such as erect standing, are held for long peri¬ 
ods, the facet tips do make contact with the laminae of the sub¬ 
jacent vertebra and bear about one sixth of the compressive 
force (Fig. 13.2) (2). 
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Table 13.1 } 

Percentage 

Area of Body and Articular Facets at Various Vertebral Levels 



Total Area (Body + Facets) 


Body Area 

Area of Two Articular Facets 

Vertebral Levels 

cm 2 

% 

cm 2 

% 

cm 2 

% 

T5 

7.00 

100 

5.34 

76.28 

1.66 

2 3.71 

T8 

9.32 

100 

7.30 

78.32 

2.02 

21.68 

T9 

10.11 

100 

7.91 

78.23 

2.20 

21.76 

T1 1 

10.92 

100 

8.82 

80.76 

2.10 

19.23 

T12 

12.04 

100 

10.24 

85.04 

1.80 

14.95 

1.1 

1 3.66 

100 

1 1.46 

83.89 

2.20 

16.10 

L3 

16.84 

100 

13.82 

82.06 

3.02 

17.93 

L4 

17.55 

100 

14.17 

80.74 

3.38 

19.25 

L5 

17.93 

100 

14.07 

78.47 

3.86 

21.52 

Percentage Area of Body and Cross-Sectional Area of Lamina at Various Vertebral Levels 


Total Area (Body + Lamina) 


Body Area 

Area of Lamina 

Vertebral Levels 

cm 2 

% 

cm 2 

% 

cm 2 

% 

T5 

6.59 

100 

5.34 

81.03 

1.25 

18.96 

T8 

8.73 

100 

7.30 

83.61 

1.43 

16.38 

T9 

9.51 

100 

7.91 

83.17 

1.50 

15.77 

T1 1 

10.10 

100 

8.82 

87.32 

1.28 

12.67 

T12 

1 1.49 

100 

1.24 

89.12 

1.25 

10.87 

LI 

12.88 

100 

11.46 

88.97 

1.42 

1 1.02 

L3 

15.61 

100 

13.82 

88.53 

1.79 

1 1.46 

L4 

16.43 

100 

14.17 

86.24 

2.26 

1 3.75 

L5 

17.08 

100 

14.07 

82.37 

3.01 

17.62 


From Pal CP, Routal RV. Transmission of weight through the I#wer thoracic and lumbar regions of the vertebral column in man. J Anat 1 987; 1 52:98. 
Reprinted with the permission of Cambridge University Press. 




Figure 13.1. Schematic drawing of a lumbar spine having normal disc 
spaces and normal compressive weightbearing on the anterior and poste¬ 
rior columns of the spine. (Reprinted with permission from Adams MA, 
Hutton WC. The mechanical function of the lumbar apophyseal joints. 
Spine 1 98 3 ;8( 3): 328.) 


Figure 13.2. Schematic drawing of a lumbar spine with intervertebral 
disc space thinning and increased articular joint weighthearing. 
(Reprinted with permission from Adams MA, Hutton WC. The me¬ 
chanical function of the lumbar apophyseal joints. Spine 1983;8(3): 328.) 
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Simulation of Triple Joint Complex 
in Laboratory 

A two-dimensional biomechanical model was assembled using 
two rigid bodies as the vertebrae and six elastic springs to repre¬ 
sent the tissues of the disc and posterior elements. Compression 
loads were indicted, and the following facts were determined (6): 

1. The apophyseal joints arc not loaded heavily by compression 
or Hexion-extension loads, but they can be heavily loaded by 
anteroposterior shear loads. 

2. Resistances developed by the apophyseal joints are not ef¬ 
fective in relieving loads on the intervertebral disc when the 
motion segment is compressed, but they can be effective in 
relieving the disc when the segment is Hexed, extended, or 
anteroposteriorly sheared. 

3. In response to anteroposterior shear loads, the location of 
the facet joints relative to that of the intervertebral disc in 
the superior-inferior direction is a major determinant of 
what loads each structure will bear. 


generation results in greater facet loading on the concave side 
of the subluxation. The resultant degenerative changes are seen 
in the triple joint complex at the facet. 

Facet Subluxation in Unequal 
Weight Distribution 

Hadley’s “S” line allows visualization of facet disrclationships, 
and it is especially beneficial in evaluating oblique views of the 
lumbar spine and, to a lesser extent, anteroposterior views. 
Figures 13.5 through 13.8 schematically and radiographically 
show how these lines are established. The Hadley “S” curve is 
formed by tracing a line along the undersurface of the trans¬ 
verse process at the superior process and bringing this down the 
inferior articular process to the top of the superior articular 
surface; this is joined by a line traced upward from the base of 
the superior articular process of the inferior vertebra to the 
lower edge of its articular surface. These lines should join to 
form a smooth S. If the S is broken, subluxation is present (10). 


Under compressive load, the highest compressive strains 
were recorded near the bases of pedicles and on the superficial 
and deep surfaces of the partes interarticulares; the loads were 
increased by extension (7). It is possible that extension move¬ 
ment is limited by the bony contact of the facet joints (2). 


PAIN SENSITIVITY OF THE FACET 
SYNOVIAL-LINED JOINT 

Pressure-sensitive recording paper was placed between the 
facet facings, and the pressure between the facets was mea¬ 
sured. This was done on 12 pairs of facet joints, and it was 


Rotational Stresses on the Disc and Facet 

In shear stress applied to the intervertebral joint, two thirds of 
the stress is borne by the disc and one third by the facets. 

Normal intervertebral discs fail completely at 22.6° of rota¬ 
tion when studied in cadavers, whereas in real life they can tol¬ 
erate only 5° of rotation without damage (8). The lumbar 
apophyseal joints function to allow limited movement between 
vertebrae and to protect the discs from shear forces, excessive 
flexion, and axial rotation. They are not well designed to resist 
compression, which is normally borne by the disc (2). 


Unequal Facet Loading Leads to 
Unequal Degeneration 

Panjabi et al. (9) present the following algorithm of the stages 
of injury to the functional spinal unit (FSU): 

1. Asymmetric disc injury at one FSU level. 

2. Disturbed kinematics of FSUs above and below this level. 

3. Asymmetric movements at facet joints. 

4. Unequal sharing of facet loads. 

5. High load on one facet joint causing intra-articular cartilage 
degeneration, joint space narrowing, and facet atrophy 
(arthrosis). 



Figures 13.3 and 1 3.4 are common radiographic findings in 
a daily chiropractic practice. The slight rotational, lateral Hex- 
ion subluxation of a lumbar vertebra with unilateral disc de- 


Figure 13.3. An anteroposterior projection of a lumbar spine with a 
slight dextrorotation and lateral flexion suhluxation of the L4 vertebral 
body on L5 and L3 on L4, resulting in increased weight hearing on the left 
articular facet joints (arrow) compared with the right. 
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Figure 13.4. An oblique projection shows the narrowed intra-articular joint space, subchondral sclero¬ 
sis, and facet imbrication at the L4 and L5 levels where increased weightbearing has taken place for a pe¬ 
riod oftimc (straight arrows). Compare these changes with the more normal joints above at L 3 and 1.2 (curved 
arrows). 



Figure 13.5. The “S” lines of Hadley are shown for determining the facet subluxation that occurs when 
increased weighthearing is placed on a facet joint. (Adapted from Yochum TR, Rowe L: Essentials of Skele¬ 
tal Radiology. Baltimore: Williams & Wilkins, 1987:192.) 
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Figure 13.6. A. “S” lines are shown on an anteroposterior radiograph of the lumbar spine that reveals 
normal (straight arrow) and broken “S” lines (curved arrow). B. Lateral view of A shows the retrolisthesis (ar¬ 
row) of L5 accompanying the Hadley “S” line changes. 



Figure 13.7. Right anterior oblique view of the lumbar spine shows 
normal (straight arrow) and abnormal (curved arrow) “S” lines. 


Figure 13.8. Left anterior oblique view of the lumbar spine shows 
normal and abnormal “S” lines. 
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found that narrowing the disc space and increasing the angles of 
extension caused an increase in pressure or impingement on 
the facet joint surfaces (11). Stretching of the joint capsule (or 
transmission of load across it) can be a source of pain because 
of the presence of a nociceptive type IV receptor system (12). 

Histologic study of sectioned zygapophysial joints indicates 
the presence of an extensive vascular supply to the articular car¬ 
tilage in a joint that shows minor osteoarthrosis. The anatomy 
of a vascular synovial inclusion of the type seen in most lum¬ 
bosacral zygapophysial joints is clearly demonstrated. Because 
vascular structures can be related to pain, this may explain 
spinal pain of zygapophysial origin (1 3). 

The capsule of the articular facets is richly innervated with 
sensory fibers, according to von Luschka (14). The posterior 
primary division of the spinal nerve and the recurrent nerve of 
the anterior primary division innervate the capsule. This sensory 
nerve supply is sufficiently developed to support the hypothesis 
that irritation of the capsule of the lumbar articular facets could 
well produce pain stimuli. In turn, this stimuli could return to 
the central nervous system through the posterior primary divi¬ 
sion and produce referred pain through the dermatomes of the 
involved nerves, which correspond exactly with the pathway of 
sciatic radiation, namely, the fourth and fifth nerves. 

The synovial folds of the lumbar zygapophysial joints are in¬ 
nervated by nerves ranging from 1.6 to 12 fXm in diameter, 
with the number of fibers ranging from 1 to 5. They run a 
course separate from blood vessels, indicating that they are af¬ 
ferent nerves that probably have a nociceptive function (15). 

Ghormley (16), in his classic paper, stated ample evidence 
existed to regard facets as a cause of sciatic pain. He used the 
term “facet syndrome” to describe the sudden onset of low back 
pain brought on by some activity, which usually involved a 
twisting or rotatory strain of the lumbosacral region. 

Facet joints are subject to abnormal stresses following disc 
degeneration. The normal pedicle-facet complex with a nor¬ 
mal intervertebral disc carries 20% of the vertical pressure ap¬ 
plied at the interspace, and this constitutes 10 times the weight 
per square inch applied to the knee joints (17). 

Uneven apophyseal joint spaces, from right compared with 
left or vertically adjacent, indicate disc damage, instability, or 
possible bulge. Facet override is a finding in disc lesion (1 8). 

FLEXION AND EXTENSION EFFECTS ON 
FACET LOADING 

Under axial compression force, the location of the segmental 
mechanical balance point shifts posteriorly as the facets come 
into contact. In coupled flexion rotation, underaxial compres¬ 
sion, each facet carries a negligible percentage of compression 
that remains nearly constant as applied force increases. 

The contact forces developed at the facet articulation in¬ 
crease considerably with extension rotation. For example, the 
addition of up to 5.6° of extension rotation increases the load 
on each facet from 10 to 30% of the compression preload. 
Large flexion loadings similar to those expected during heavy 
lifting, as well as large extension loadings, are likely to be re¬ 


lated to facet injury and degeneration. The transfer of forces 
from one facet to the adjacent one occurs through different ar¬ 
eas in flexion and in extension postures. That is, on the articu¬ 
lar surface, the contact area shifts from the upper and central 
regions in flexion to the inferior tip in extension (19). 

The anteromedial region of the zygapophysial joints has 
been shown to be the primary site of degenerative change (20). 


RADIOGRAPHIC CONCEPTS OF 
FACET SYNDROME 

Two studies done by Cox et al. (21, 22) reveal that 26% of pa¬ 
tients with low back pain have facet syndrome either alone or 
in conjunction with other findings. The exact degree of low 
back pain caused by the facet syndrome is still unknown. A 
close look at the stresses imposed on the lumbosacral articula¬ 
tion by facet syndrome should, therefore, be of great impor¬ 
tance to the chiropractic physician treating this condition. 

Figure 1 3.9 is a radiograph of a patient suspected of having 
facet syndrome. Posterior narrowing is seen of the L5—S1 IVD 
space compared with the anterior disc space, and imbrication 
of the first sacral facet into the upper third of the intervertebral 
foramen at L5 -S1, resulting in apparent vertical stenosis of the 
L5—SI foramen as compared with the adjacent levels. 



Figure 13.9. Radiograph showing a facet syndrome at L5-S1. Poste¬ 
rior narrowing is seen of the L5-S1 intervertebral disc space, with the 
first sacral facet stenosing the L5-S1 foramen by its vertical telescoping 
subluxation (straight arrow). Note also the nuclear disc invagination of the 
L5—SI disc into the inferior vertebral body plate of L5. L5 shows a 
retrolisthesis subluxation on the sacrum (curved arrow). 
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Figure 13.10. Macnab lines drawn along the superior SI vertical plate 
and inferior L5 vertebral plate intersect near the zygapophysial joints in¬ 
stead of more posteriorly. Also, the SI superior facet lies well above the 
line drawn along the inferior L5 body plate, indicating probable vertical 
stenosis at the L5-S1 intervertebral foramen. This is termed “facet im¬ 
brication.” 

Figure 13.10 shows the lines of Macnab (23) identifying the 
hyperextension subluxation of L5 on the sacrum, with the tip 
of the superior facet of the sacrum imbricating above the line 
drawn along the inferior plate of L5. Telescoping of the supe¬ 
rior sacral facet into the intervertebral foramen at L5—SI cre¬ 
ates vertical stenosis of the foramen. Also note that the lines 
drawn along the inferior plate of L5 and the superior plate of 
the sacrum intersect at a point that is near the articular facets. 
The closer to the facets these lines cross, or if they are actually 
anterior to the articular joints, the greater will be the severity 
of the facet syndrome, meaning a greater posterior disc space 
narrowing, vertical narrowing of the foramen, and hyperex¬ 
tension subluxation of the facet joints. 

Hellems and Keats (24) found the normal sacral base angle 
to be 41° (Fig. 13.1 1). At this degree of angulation of the 
sacrum, 80% of the superimposed body weight is carried on the 
vertebral bodies and the sacral promontory. Although only 
20% of the weight is carried on the articular facets, the result¬ 
ing pressure per square inch on the facets is 10 times greater 
than the pressure carried on the knee with the person standing 
in the upright posture. This example clarifies the strain pro¬ 
duced on the articular facets in normal kinematics. 

An increase of the sacral angle shifts weightbearing posteri¬ 
orly onto the posterior elements and facets (Fig. 1 3.1 2). The 
articular facets were never created to stand this shearing stress. 


As the sacral base inclines further, a hyperextension subluxa¬ 
tion of the upper motion segment or hyperflexion subluxation 
of the lower motion segment must take place. In Figure 13.13 
is seen a 65° sacral base angle with facet syndrome. Figure 
13.14 demonstrates marked structural faults with a degenera¬ 
tive spondylolisthesis at the L4 level and a facet syndrome and 
increased sacral angle at the L5—SI level. Treatment of this last 
patient would involve addressing both conditions by placing a 
flexion pillow under L4 while contacting the spinous process of 
L3 in applying the distraction manipulation. 

Figures 13.15 and 13.16 show two basic conditions to be 
dealt with in manipulation. A facet syndrome is present at 
L5—SI (Fig. 13.15), but also present is a transitional segment 
with a unilateral pseudosacralization of the left transverse 
process to the sacrum (Fig. 1 3.1 6). As presented in this text in 
Chapter 6, Transitional Segment, this condition proved to be the 
most time-consuming and treatment-demanding condition to 
yield to manipulative care in a study of 576 cases (22). Couple 
th is with a facet syndrome, and we see a very difficult case to 
treat. I treated the patient this case by contacting the spinous 
process at the L5 level and very gently applied flexion distraction 
at the L5—SI joint. This was followed with complete range of 
motion manipulation of the articular facets. A belt support was 
used, as shown in Chapter 9, Biomechanics, Adjustment Procedures, 
Ancillary Therapies, and Clinical Outcomes of Cox Distraction Tech¬ 
nique, to stabilize this joint while healing. 

Figure 13.17 reveals a stable, normal disc space with no ev¬ 
idence of facet imbrication. Note that the lines drawn along the 
inferior L5 and superior sacral plates intersect far posterior to 



A B 


Figure 13.11. Position of the normal sacrum during erect standing. 
A. The superincumbent weight (IF) passing through the posterior edge 
of the lumbosacral joint. B. The compression (C) and shearing (S) com¬ 
ponents of the superincumbent weight. (Reprinted with permission from 
LeVeau B. Biomechanics of Human Motion. Philadelphia: WB Saunders, 
1977:94.) 
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Figure 13.12. Change in the compression (C) and shearing (5) force components with change in the 
sacral angle. IT, weight. (Reprinted with permission from LeVeau B. Biomechanics of Human Motion. 
Philadelphia: WB Saunders, 1977:95.) 



Figure 13.13. Increased sacral angle and hyperextension subluxation 
of L5 on the sacrum. 


Figure 13.14. Radiograph showing a facet syndrome subluxation 
complex at L5—SI and a degenerative spondylolisthesis at L4 on L5. 
Treatment for this combination problem is discussed in the text. 
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Figure 13.15. Radiograph showing facet syndrome of L5 on SI, with 
marked disc thinning, imbrication of the first sacral facet into the L5—SI 
foramen, and probably some arthrosis of the L5—SI facet joints. 



Figure 13.16. In addition to the findings on the lateral view in Figure 
13.15, a unilateral pscudosacralization transitional segment is seen of the 
L5 transverse process with sacrum (arrow). 



Figure 13.17. Stability is suggested in the radiograph by the parallel 
Macnab’s lines and their intersection far posterior to the L5—SI facet 
joints. Note the symmetric L5—SI disc space indicating probable maxi¬ 
mal weightbearing on the disc and minimal weightbearing on the articu¬ 
lar facet joints. 

the lumbosacral junction. This type of finding indicates a stable 
articulation and the weightbearing primarily is found on the 
body-disc-body, with minimal weightbearing on the articular 
facets at L5—SI. 

STABILITY IN THE FACET SYNDROME 
AND AN INDICATION OF RESPONSE 
TO MANIPULATION 

Although the articular facets are well supplied with nerve fibers 
from the dorsal ramus of the spinal nerve, discussion continues 
regarding the role the articular facet plays in the cause of low 
back and lower extremity pain. Van Akkerveeken determined 
a measurement for stability or instability of the lumbar spine 
from use of lateral lumbar films to determine damage to the 
posterior longitudinal ligament and the anulus fibrosus. This 
measurement is illustrated in Figure 13.18. 

According to Van Akkerveeken (25), in a normal lumbar 
spine in full extension, with the anulus fibers and longitudinal 
ligaments intact, a line drawn along the posterior longitudinal 
ligament shows a fairly smooth arch. If the anulus fibers are cut, 
a definite posterior sliding of each vertebra posteriorly occurs 
on the vertebra below. If lines are drawn along the inferior 
plate of the vertebra above and along the superior plate of the 
vertebra below, and the intersection of these lines is called 
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Figure 13.18. I dnc drawing of the lateral aspect of lumbar segment in 
full extension, illustrating radiologic instability and methods of measur¬ 
ing it (degrees of tilt and length of parallel displacement). The lower seg¬ 
ment is stable; Jc = Jf in length. At the upper segment, radiologic insta¬ 
bility is demonstrated; in this case, line ab is 3 mm shorter than line ac 
(sec text for explanation). (Reprinted with permission from Van 
Akkervcckcn I’F, O’Brien JP, Park WM. Experimentally induced hy- 
pcrmobility in the lumbar spine. Spine 1979;4(3):238.) 


point a , less than a 3 mm difference in length should be found 
between the line drawn from point a to the posterior margin of 
the superior vertebra and the line drawn from point a to the 
posterior margin of the inferior vertebra. If the difference is 3 
mm or greater, instability is present, meaning damage has oc¬ 
curred to the anular fibers or the posterior longitudinal liga¬ 
ment. We use this measurement as a prognostic aid to deter¬ 
mine the response of a patient to treatment as well as to predict 
future difficulty in the lumbosacral spine. 

It has also been shown that the greater the discal angle, the 
more severe the facet syndrome. The discal angle (edf) shown 
in Figure 1 3.1 8 is 5°, a sign of stability and no facet syndrome. 
The other angle (bac) is 22°, a sign of severe facet syndrome. I 
believe that any discal angle greater than 1 5° is a sign of severe 
facet syndrome (Fig. 1 3.19). 

Figure 1 3.20 demonstrates the use of Van Akkerveeken’s 
line measurement to determine stability. The spines shown in 
Figure 1 3.20 arc stable. Figure 1 3.21 demonstrates the use of 
this measurement in a patient with an unstable spine. A line is 
drawn from the point of intersection (a) to the posterior bor¬ 
der of the fifth lumbar body above ( b ) and to the posterior bor¬ 
der of the sacrum below (c). The distance from a to b measures 
1 1 mm; the distance from a to c measures 16 mm. By Van 
Akkcrvcckcn’s measurement, therefore, the lumbosacral ar¬ 
ticulation is unstable, showing that the anulus and posterior 
longitudinal ligament are damaged. 

The facet syndrome has been accused of causing much low 


back pain; a review of our present knowledge about the sensi¬ 
tivity of the articular bed of the facet, therefore, is in order. 

Increasingly in the literature, articles are appearing con¬ 
cerning the innervation of the articular facets. Important ana¬ 
tomic relationships exist in the lumbosacral region of the adult 
which are traceable to embryonic development. In their dis¬ 
cussion of the pain relationships evolving from biomechanical 
faults of the lumbosacral complex, Carmichael and Burkhart 
(26) state that the paraxial mesoderm that condenses alongside 
the notochord becomes segmented into somites. Each somite 
then differentiates into a scleratome (which contributes to ver¬ 
tebrae formation), a myotome (which forms axial and appen¬ 
dicular muscle), and a dermatome (which forms the dermis). 
The developing neural tube innervates each somite and its de¬ 
rivatives so that the nerve pattern becomes segmental. 

Each scleratome divides transversely, and each hemiscler- 
atome reaggregates with a hemiscleratome adjacent to it, be¬ 
coming the centrum that forms most of the vertebral body. 
These divisions and rcaggregations determine important ana¬ 
tomic relationships in the adult (a) spinal nerve, which origi¬ 
nally would have run through the scleratome, now runs be¬ 
tween the vertebrae; and (b) the myotome forms muscle that 
spans adjacent vertebral segments, thus establishing the pat¬ 
terns for back muscles. 

The notochord, surrounded by the centrum, undergoes mu- 



Figure 13.19. Lines arc drawn to determine whether there is facet 
syndrome. Note that the angle is 22°. The greater this angle becomes, the 
greater the severity of the facet syndrome because of hyperextension of 
L5 and/or hyperflexion of the sacrum. The closer this angle is to 5°, the 
more stable the articulation. 
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Figure 13.20. Van Akkcrveekcn s lines are drawn and show stability of the anulus Hbrosus and poste¬ 
rior longitudinal ligament (A), where only 1 mm difference is seen between AB and AC. B. Also shows a 
stable facet syndrome, with a 2.5 mm difference between lines ab and ac . 

J 



Figure 13.21. Unstable facet syndrome is shown with a 5 mm differ¬ 
ence in lines ab and ac. 


coicl degeneration and usually disappears completely except for 
the nucleus pulposus of the intervertebral disc. The centrum 
eventually forms part of the membranous vertebral column. Each 
vertebra undergoes chondrification and ossification, a process 
completed several years after birth. The costal elements form a 
substantial part of the transverse process of the adult lumbar ver¬ 
tebra and the major portion of the lateral part of the sacrum. 

Thus, by the process reviewed above, each vertebra is 
formed and the overall shape of the vertebral column is estab¬ 
lished. The five lumbar vertebrae typically are massive and 
show some differentiation. Generally, the vertebral foramen 
(which determines the shape of the spinal canal) becomes more 
triangular at L5 as the pedicles shorten, but the distance be¬ 
tween the foramina shows little change. 

STRUCTURAL FACTORS OF THE 
LUMBOSACRAL REGION 

The joint between L5 and SI is the single most common site of 
problems in the vertebral column because of, but not limited 
to, the following anatomic reasons: (a) this joint bears more 
weight than any other vertebral joint; ( b) the center of gravity 
passes directly throLigh these vertebrae; (c) a transition occurs 
here between the mobile presacral vertebrae and the relatively 
stable pelvic girdle; and (J) a change occurs in the angle that ex¬ 
ists between these two vertebrae. 

In 1976, Mooney and Robertson (27) pointed out that 
Ghormley had coined the phrase “facet syndrome” in 1933 and 
that lesions of the IVD could not explain all low back and leg 
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pain complaints. From his review of surgical literature, Sprang- 
fort (28) found that only 42.6% of surgical patients obtained 
complete relief of back and leg pain following surgery. 

Mooney and Robertson (27) also discovered that the injec¬ 
tion of an irritant fluid into the facet joint caused referred pain 
patterns indistinguishable from pain complaints frequently as¬ 
sociated with the disc syndrome. Even straight leg raising and 
diminished reflex signs were obliterated by precise local anes¬ 
thetic injection into the facet joint. Injection of steroids and lo¬ 
cal anesthetic into the facet joint in a group of 100 consecutive 
patients suggested that this treatment alone achieved long-term 
relief in one fifth of the patients with lumbago and sciatica and 
partial relief in another one third of these patients. However, 
far fewer than half of the patients received long-term relief 
from pain from this technique. The point to be emphasized 
here is that the physician must be clinically careful to realize 
that a combination of therapies may be necessary to bring max¬ 
imal relief of the patient’s complaints. 

FACET PAIN PATTERNS 

Lora and Long (29) wrote that the results of stimulation in and 
around the facets yielded interesting pain patterns. Typical 
radicular radiation is not generated by stimulation of the nerves 
in and around the facet, but widespread referral of sensation 
even into the leg is possible. This referral of sensation, how¬ 
ever, characteristically has a diffuse nonradicular character, is 
difficult for the patient to localize, and has not gone below the 
knee in any patient. 

Stimulation of the L5—SI facet characteristically produces 
sensation or reproduces pain in the coccyx, which is usually 
unilateral, or in the hip. The latter is usually described by the 
patient as being in the hip joint, and diffusely down the poste¬ 
rior thigh. Stimulation can occasionally travel circumferentially 
around the body along the course of the inguinal ligament into 
the groin. 

Stimulation at the L4-L5 facets characteristically produces a 
local sensation that radiates diffusely into the posterior hip and 
thigh at the level of the electrode. Coccygeal radiation of sensa¬ 
tion is less commonly observed with L^L—L5 stimulation than 
with L5 SI stimulation, but it does occur. Stimulation at L3—L4 
characteristically produces radiation upward into the thoracic 
area. Pain or sensation radiates around the flank and into the 
groin and anterior thigh much more diffusely with L3—L4 stim¬ 
ulation than with L5 SI stimulation. Coccygeal sensations in the 
perineum are produced more commonly with L3—L4 stimula¬ 
tion than with L4- L5 stimulation, but less commonly with 
L3—L4 stimulation than with 

pain radiation, at least as judged by stimulation of the posterior 
ramus by use of this technique, may be much more diffuse than 
is generally supposed. Although hip, thigh, and groin radiations 
are well known from studies of patients with disc protrusion, the 
observation that stimulation characteristically reproduces pain in 
the coccygeal area or produces sensation in this region is not as 
well known. It certainly seems possible that coccydynia is, in fact, an¬ 
other manifestation of lumbar degenerative disc disease (Table 1 3.2). 


Stimulation at the T1 2, LI, L2, and L3 levels does not pro¬ 
duce leg or coccygeal sensations. Radiation of sensations is lim¬ 
ited to the upper back, thoracic and cervical regions, and 
around the course of the T1 2, LI, and L2 nerve roots in a dif¬ 
fuse fashion on the anterior abdominal wall. 

I would note that these are scleratogenous pains that do not 
cause any sensory or motor deficits in the lower extremity. 
These pains never radiate below the knee and are usually iso¬ 
lated to the buttock and upper thigh. When motor and sensory 
changes are noted down the lower extremity, a disc lesion 
should be suspected. Figure 13.22 shows the distribution of 
sensations from Ld—L5 and L5—SI facet irritation. 

McCall et al. (30) studied the referral of induced pain from 
the posterior lumbar elements to (a) trace the exact area of 
pain referral from the LI—L2 and the L4-L5 levels and ( b ) 
compare the distribution and intensity of the pain produced by 
intra-articular versus pericapsular provocation. In their study, 
normal subjects were given injections of 0.4 mL of 6% saline. 
Pain started within 2 5 seconds of each injection, with the 
episode usually lasting 5 minutes. At both the LI—L2 and the 
L4—L5 levels, injection into the joint interior (intra-articular 
provocation) produced less intense pain than did pericapsular 
injection. 

The upper lumbar level was more sensitive than was the 
lower lumbar level. The distribution of referred pain from ei¬ 
ther intra-articular or pericapsular injection was the same, but 
the intensity was worse with the pericapsular injection than 
with intra-articular injection. 

In general, injection into the upper lumbar level referred 
pain to the flank region, whereas injection at the Ld—L5 level 
referred pain to the buttocks. Thigh pain never extended be¬ 
yond the knee. No contralateral pain was noted. No demonstra¬ 
tion of significant leg pain was produced in these normal subjects. 

Although no nerve endings are found in the articular carti¬ 
lage and synovium, the fibrous capsule of the synovial joint is 
innervated. 


Facet Joint Pain Patterns Described 
by Lora and Long 

L5—SI facet pain distribution 

L4-L5 facet pain 

Coccyx 

distribution 

Hip 

Posterior hip and thigh 

Posterior thigh 

Groin 

Flank 

Coccyx 

L3—L4 facet pain distribution 

T1 2, LI, L2, L 3 facet pain 

LIpward to thoracic spine 

distribution 

Diffuse flank and groin pain 

No leg or coccygeal pain 

Coccyx 

Radiating pain to thoracic 
and cervical spines 


Based on Lora J, Long D. So-called lacet denervation in the management ol 
intractable hack pain. Spine 1 976; 1 (2): 1 2 1 126. 
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Figure 13.22. Distribution of sensations from L4-L5 and 
L5-S1 facet irritation. 


Table 13.3 


Facet Joint Pain Patterns Described by 
SchofTerman and Zucherman 

L4-L5, L5—SI pain distribution: 

Posterior thigh, calf, rarely to foot 
Back pain greater than leg pain 

Based on Schofferman J, Zucherman J. History and physical examination. 
Spine: State of the Art Reviews 1 986; 1 (1): 14. 


McCall et al. (30) question the existence of scleratomes be¬ 
cause of the considerable overlap of pain patterns between up¬ 
per and lower lumbar spine facets. 

Schofferman and Zucherman (31) feel that leg pain may 
prove more useful diagnostically. The distribution and quality 
of the pain are used to separate referred pain from radicular 
pain. Pain in the absence of neurologic deficit is referred pain, 
whereas pain in the presence of neurologic change is radicular. 
It must be borne in mind, however, that no neurologic signs 
may be present in the early stages of radicular problems. Re¬ 
ferred pain shares the same distribution as the innervation aj the aj- 
fected zygapophysial articulations. Pain arising from the L4—LS and 
L5—S1 articulations will be felt in the posterior thigh, and occasion¬ 
ally in the medial or lateral calf, and back pain is usually greater than 
leg pain. Numbness or tingling can accompany this pain. Posterior 
joint complex pain (jacet, ligament, anulus) rarely, but occasionally, 
extends beyond the calj and into the foot. 

Contrast this pain distribution with that of radicular pain 
caused by nerve root compression, for example, by a disc pro¬ 
trusion in which the predominant and more severe pain is usu¬ 
ally felt in the thigh and in the posterior lateral calf, extending 
to the toes. Although dermatomal pain may not be exact, cer¬ 
tain patterns are characteristic. L3 pain involves the groin and 
anterior medial thigh; L4 pain involves the anterior thigh and 
medial calf and gluteal area; L5 pain involves the lateral thigh, 
lateral and possibly medial calf, and great toe; and S1 nerve pain 
involves the posterior thigh, posterior calf, and lateral aspect of 
the foot and heel (Table 13.3). 


The results of the above study (31), show that irritation of 
the articular facets at L4—L5 and L 5—S1 can result in pain in the 
coccyx, perineum, groin, buttock, and flank and into the 
posterior thigh, radiating as far as the knee. Therapeutic inter¬ 
est in the facet is to maintain its ability to continue its normal 
ranges of motion and thereby render it as free of subluxation as 
possible. 

LUMBAR FACET INJECTIONS WITH 
CORTICOSTEROIDS: ARE THEY OF ANY 
BENEFIT IN CHRONIC LOW BACK PAIN? 

Local corticosteroid injections into facet joints proved to have 
little efficacy in patients with chronic low back pain. Forty- 
nine patients with chronic low back pain had their facets be¬ 
tween the lumbar or sacral vertebrae injected with methyl 
prednisone acetate and48 were injected with placebo. After 1 
month, 42% of 49 patients injected with prednisone and 3 3% 
of the placebo group had marked or very marked improve¬ 
ment in pain level, functional status, or back flexion. Only 1 
of 5 patients in the corticosteroid group, compared to 1 of 19 
of the placebo group, had sustained improvement from 
months 1 to 6 (32). 

In 22 of 40 patients who received lidocaine (2%) injections 
into their lumbar facet joints followed by 2 mg of cortivazol 
near the joint the pain was relieved; 1 7 of the 22 patients who 
received relief stated it was 90% relief (33). 

Two groups (n = 86) of patients with chronic low back pain 
were randomly assigned to receive either facet joint injection 
or facet nerve block. Relief was short lived, and by 3 months 
only 2 patients continued to report complete relief of pain. Pa¬ 
tients with pain 7 years or longer were more likely to report 
good to excellent pain relief than those with a shorter history. 
Neither facet joint injection nor facet nerve blocks are satisfac¬ 
tory treatment for chronic back pain (34). 

Facet joint injections are routinely and safely performed 
throughout the LInited States, despite their expense and un¬ 
proved efficacy (35). Correlation between facet block and clin¬ 
ical outcome is not possible (36). 
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Radiofrequency Lumbar Facet Denervation 
Shows Clinical Relief 

Of 82 patients who underwent diagnostic medial branch poste¬ 
rior primary ramus blocks, 42 reported at least 50% relief of 
pain and proceeded to radio frequency denervation. Of the 42 
patients undergoing denervation, 45% reported at least 50% re¬ 
lief ofpain 2 years after the procedure or at last follow-up (37). 

Facet joint injection was performed in 245 patients who 
presented with chronic symptoms of low back pain, with or 
without nondcrmatomal lower limb pain referral (38). No pre¬ 
vious back surgery had been performed, and each patient un¬ 
derwent both facet studies and provocative lumbar discography 
at the lower three lumbar levels. To localize accurately any 
level of symptom relief, only one level per day was studied in 
each patient. Lumbar discography was performed, and the 
presence or absence of symptom reproduction on injection of 
contrast medium was recorded at each level. 

Among these patients, intervertebral discs were a more fre¬ 
quent source of symptoms than the facet joints. In 45 patients, 
complete symptom relief followed injection of local anesthetic 
into the facet joints. Following facet injection, no significant 
difference was apparent in the incidence of complete symptom 
relief between the three groups of patients: the incidence was 
19% for those with symptomatic disc disease, 25% for those 
with nonsymptomatic disc disease, and 1 7% for those with to¬ 
tal disc resorption. By contrast, of 45 patients with normal 
th ree-levcl lumbar discography, only 2 (5%) had complete 
symptom relief following facet injection. The study indicates that 


thejacet joint and capsule are infrequent pain sources in patients with 
severe chronic low back pain, particularly when the discs are normal, 
but also in the presence of significant disc degeneration (38). 

This highlights a controversy with respect to the relief pos¬ 
sible through facet injection. I have been negatively influ¬ 
enced by facet and epidural injection attempts to relieve low 
back pain. 

Manipulative Care of the Facet Syndrome 

The manipulation used in treating facet syndrome is Cox fl 
ion-distraction procedures as performed on the Zenith-Cox in¬ 
strument. 

Patients are divided into two types for purposes of manip¬ 
ulative care: patients having low back pain only, and those with low 
back pain and sciatica. The flow chart shown in Figure 1 3 .2 3 de¬ 
scribes our treatment outline. Note that we do not place zy- 
gapophysial joints through their physiologic ranges of motion 
when the patient has sciatic radiculopathy until the leg pain 
shows at least 50% relief as noted by subjective patient evalu¬ 
ation and objective signs of straight leg raising, range of thora¬ 
columbar motion, Dejerine’s triad, and Kemp’s sign. Any pa¬ 
tient who has only low back pain, with leg pain not extending 
below the knee, is treated with full physiologic range of mo¬ 
tion applied to the facet articulations. Flexion distraction is the 
first manipulative movement administered, followed by the 
remaining four normal ranges of motion, which will be dis¬ 
cussed next. 


LOW BACK AND LEG PAIN PATIENT FLOW CHART OF TREATMENT 



MOTION. DIAGNOSTIC 
PALPATION FOLLCM/ED 
BY RESTORATION OF 
MOTION BY COX 
TREATMENT. 
REMEMBER - AVOID 
ROTATION AT L4L5. 
L5SI 


TEST RANGE OF 
MOTION ABOVE 
LEVEL OF 
INVOLVEMENT 
THAT IS - IF 
L5 SPONDYLOLIS¬ 
THESIS OR 
TRANSITIONAL 
AT L4 LEVEL 


MOTION 
ONLY 
ABOVE 
LEVEL OF 
FUSION 


MOTION 

EACH 

SEGMENT 


DISTRACTION 
REDUCTION 
ONLY UNTIL 
DERMATOME 
PAIN REDUCED 
AT LEAST 50% 
BY SLR AND 
ROM TESTS. 

NO RANGE OF 
MOTION TREAT¬ 
MENT UNTIL 
LEG PAIN 
RELIEVED. 


Figure 13.23. Flow chart of treatment for patients having low hack pain alone or low hack pain and sci¬ 
atica. This chart outlines the treatment approach followed for manipulative care based on patients’ findings. 


Chapter 13 Facet Syndrome 605 


Normal Joint Movements 

The lumbar articular joints are capable of five movements: flex¬ 
ion, extension, lateral flexion, rotation, and circumduction. 
Pcarcy (39) measured the ranges of active flexion and exten¬ 
sion, axial rotation, and lateral bending in the lumbar spines of 
normal volunteers in vivo, to assess the relation between the 
primary and accompanying movements in the other planes. He 
stated that L5—SI revealed larger movements of flexion and ex¬ 
tension than did other levels of the lumbar spine, although 
L5—SI did not demonstrate consistent patterns of equal move¬ 
ment of flexion and extension as seen at other levels of the lum¬ 
bar spine. Lateral bending at LT L5 and L5—SI showed signif¬ 
icantly less mobility than in the upper three levels. 

In voluntary flexion and extension, Pearcy (39) found little 
accompanying axial rotation or lateral bending. During both 
axial rotation and lateral bending, large accompanying rota¬ 
tions occurred in the other planes. Axial rotation had a consis¬ 
tent pattern of accompanying lateral bending. 

Pearcy (39) found lateral bending of approximately 10° oc¬ 
curring at the upper three lumbar levels, whereas significantly 
less lateral bending was evident at 6° and 3°, at L4— L5 and 
L5 SI, respectively. In flexion and extension, accompanying 
axial rotation of 2° or more, and lateral bending of 3° or more, 
occurred rarely, and larger accompanying rotation at an inter¬ 
vertebral joint should be considered abnormal. During twist¬ 
ing and side bending, axial rotation to the right is accompanied 
by lateral bending to the left and vice versa at the upper three 
levels. At L5—SI, axial rotation and lateral bending generally 
accompany each other in the same direction, whereas L4-L5 is 
a transitional level. During lateral bending, generally extension 
occurs at the upper levels and flexion at L5—SI. 

Range of Motion Variation in Painful 
Versus Nonpainful Spines 

Mayer et al. (40) studied the range of motion in the lumbar 
spine in painful versus nonpainful low back patients. He con¬ 
cluded that low back pain patients exhibit lower gross motion 
than normal subjects (54%), with the ratio of lumbar flexion 
to gross flexion decreased (63 to 43%). Range-of-motion ex¬ 
ercising can significantly increase functional pain-free range 
both in lumbar (71 %) and pelvic motion (39%) over a 3-week 
period. 

Yang and King ( 3) state that normal, nonarthritic facet joints 
carry 3 to 25% of the superimposed body weight. If a facet joint 
is arthritic, the load could be as high as 47%. Transmission of 
the compressive facet load occurs through contact of the tip of 
the inferior facet with the pars intcrarticularis of the vertebra 
below. Further, facet overload causes rearward rotation of the 
inferior facet, which stretched the facet capsule. 

Nociceptor Origin of Low Back Pain 

Wykc (41) states that the cause of low back pain is irritation of 
nociceptors. The term “nociceptive” means “sensitive to tissue 


abnormality.” Two abnormalities causing pain are mechanical 
and chemical. Three morphologic types of nociceptors are 
found: 

1. Unmyelinated fibers in interstitial tissues. 

2. Free naked nerve endings. 

3. Paravascular nociceptive system in the adventitial layers of 
blood vessels, which are also unmyelinated. 

Wyke points out that the apophyseal capsule contains un¬ 
myelinated nerve fibers. They arc sensitive to both chemical 
and mechanical irritation, and high tensions develop in the 
facets following disc degeneration and the carrying of more 
weight. 

SUMMARY OF MANIPULATIVE PRINCIPLES 

Conclusions, based on the references cited above, indicate that 
manipulation can be beneficial by increasing spinal range of mo¬ 
tion, relieving nociceptor irritation, perhaps equalizing the 
weightbearing between the anterior weightbearing column of 
the lumbar spine (made up of the vertebral body-disc-vertebral 
body) and the posterior column of the spine (namely, the ar¬ 
ticular facet), and finally relieving the compressive forces 
against the nerve root within the vertebral canal and interver¬ 
tebral foramen. 

Distraction Adjustment and Ancillary Care 
of Facet Syndrome Subluxation 

Refer to Chapter 9, Distraction Adjustment Procedures, Ancillary 
Therapies, and Clinical Outcomes of Cox Distraction Technique, for 
the full protocol of treating facet syndrome. This includes pa¬ 
tient placement on the table, tolerance testing, and application 
of all physiologic ranges of motion to the facet joints. Physio¬ 
logic therapeutics, including positive galvanism, tetanizing cur¬ 
rent, hot and cold treatment, bracing, nutrition, low back 
wellness school, exercises, acupressure therapy, and treatment 
response to distraction adjusting are covered in Chapter 9 for 
facet syndrome condition. 

Ancillary Care for Facet Syndrome 

Those patients with hyperlordosis, facet syndrome, or anterior 
weightbearing stress on the lumbar spine who have ankle 
pronation or pes planus arch defects are treated with foot ma¬ 
nipulation and arch orthotics. Figures 1 3.24-1 3.26 show this 
condition and the orthotic used to correct it. 

All facet syndrome patients attend low back wellness 
school, especially those with unstable or severe pain type. This 
class is held every 2 weeks, and it becomes a routine part of pa¬ 
tient management. 

Cox exercises 1—6 and 8—10, shown in Chapter 9, Figure 
9.83, are recommended. 
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Figure 13.24. Pes planus of both feet. 



Figure 13.25. Medial view of marked arch planus in a patient with 
facet syndrome of the lumbar spine. 


Figure 13.26. Ortho tics used to correct pes planus and additional care 
of the patient with facet syndrome. 


RETROLISTHESIS SUBLUXATION 

The treatment of rctrolisthesis subluxation is discussed at this 
time because of its seemingly increased incidence with facet 
syndrome; it is often a dual subluxation with the facet sub- 
luxation. 

Figure 13.27 shows an unstable facet syndrome of L5 on SI, 
with L5 being 5 mm posterior on the sacrum. This creates an 
apparent facet imbrication of the L5—S1 intervertebral foramen 
by the superior facet of SI entering the upper third of the fora¬ 
men. This subluxation is far from being totally accepted or ex¬ 
plained. Let us consider some opinions on this subluxation 
prior to studying its manipulative care under our type of ma¬ 
nipulation. 

I feel that retrolisthesis can be caused by three primary 
factors: 

1 . Congenital underdevelopment of the pedicles of the lumbar 
vertebra, so-called “pedicogenic stenosis.” This underdevel¬ 
opment certainly creates alteration of motion capacity and 
can be relieved only by the best of treatment. 

2. Multifidus and rotatores muscle spasm. 

3. Subluxation of a primary traumatic cause, such as hyper- 
flexion. 



Figure 13.27. Radiograph showing an unstable facet syndrome of L5 
on the sacrum with L5 being 5 mm posterior on the sacrum, a retrolis¬ 
thesis subluxation of L5. Note the apparent stenosis of the intervertebral 
foramen caused by the facet imbrication of the first sacral facet and the 

j 

posteriority of L5 on the sacrum. 
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Willis (42) found the depth of the last lumbar vertebra to be 
greater than the first sacral segment, which he felt gave rise to 
an optical illusion on x-ray film of backward displacement of 
the fifth lumbar vertebra on the sacrum. Fie stated that, in mea¬ 
suring 50 skeletons, the depth of the L5 and SI bodies were 
found to be equal in 34% of the cases; in the other 66%, lum¬ 
bar depth exceeded sacral depth or was less in a few cases. 

I feel that in facet syndrome in which discal degeneration oc¬ 
curs, the increased facetal weightbearing will force the inferior 
fifth articular facet to impact the first sacral facet and cause a 
posterior displacement of the fifth body as the two segments 
approximate one another. In turn, the only means of returning 
some degree of alignment is to open the disc space and relieve 
the impaction hyperextension subluxation of L5 on the sacrum. 
In the end, the clinical result and relief of patient symptoms will 
depend on effective clinical application of manipulative princi¬ 
ples based on anatomic abnormality. 

Examination should reveal the following in retrolisthesis: 

1. Underdevelopment of the pedicles resulting in probable 
sagittal stenosis as measured by Eisenstein’s procedure, de¬ 
scribed in Chapter 4, Spinal Stenosis. With this shortened 
pedicle and the resultant posterior placement of L5 on the 
sacrum, George s line will show a posteriority of L5 on the 
sacrum. George s line is shown in Figure 1 3.27 as the line 
behind the L5 body. In the figure, it is not a smooth line con¬ 
tinuing behind the sacrum; rather, it breaks as it shifts ante¬ 
rior to the posterior sacral position. George’s line can be 
continued behind all the lumbar bodies. It normally is a 
smooth, uninterrupted line behind the normal lumbar lor¬ 
dosis. 

2. Flattening of the lumbar lordosis on physical examination. 

3. In some cases, spasm over the paravertebral musculature, 
which is tender when touched; gluteus maximus spasm and 
tenderness, and/or an adductor muscle that is spastic and 
tender to touch. 



Figure 13.28. Shown is extension manipulation being applied to a 
retrolisthesis subluxation of L5. The table is gentlv brought into exten¬ 
sion as a downward pressure is applied to the spinous process of L5. 


4. Radiation of pain into the groin, buttock, posterior thigh, 
and flank, as described previously. 

Treatment 

Treatment is shown in Figures 13.28 through 13.31. Figure 
1 3.28 shows extension manipulation being applied gently on 
the manipulative instrument. We avoid thrusting into this seg¬ 
ment, as it can be painful to the patient. By using extension ma¬ 
nipulation we can also use lateral flexion with extension, as 
shown in Figure 13.29 to place the articular facets through their 
physiologic ranges of motion. 



Figure 13.29. Following extension tolerance hv the patient, the facets 
can l^e placed through lateral flexion and circumduction. We use this mo 
tion only on patients who have regained full range of mobility without 
pain in the flexion posture with the table. The doctor must be sensitive 
to the infliction of stenosis by such extension motion at L5-S1 and must 
test the patient’s ability to take this type of manipulation prior to its ap¬ 
plication. We use it only on those patients who feel marked relief from 
extension position manipulation, which negates its use in elderly persons 
with intermittent neurogenic claudication caused by stenosis. 



Figure 13.30. Placing the patient on his or her side for the application 
of extension manipulation is an excellent method. It allows complete 
control of the depth of extension while allowing the contact hand to de¬ 
tect and control the extension forces being applied. 
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Figure 13.31. Following relief of pain in facet syndrome and retrolis- 
thesis, we use extension Nautilus conditioning for the paravertebral mus¬ 
cles. We prefer using a maximum of 1 30 pounds of extension force. We 
start the patients, even elderly little ladies, on 20 to 30 pounds of resis¬ 
tance and build them up. 


Figure 13.32. Spot lateral view shows the 22° discal angle and a sta¬ 
ble facet syndrome. The superior SI facet is telescoped into the L5—SI 
foramen, and nuclear invagination of the L5 SI disc into the inferior end 
plate of L5 is seen. 


Figure 1 3.30 shows treatment being applied with the pa¬ 
tient on his side. Two purposes are found for this technique. 
First, it is excellent for the patient whohastoo much pain to lie 
on the abdomen for care. Also, it is an excellent modality for 
placing the patient into extension while controlling the motion 
of the vertebrae with the contact hand on the spine. 

In addition to manipulation, other modalities used in facet 
syndrome include goading of acupressure points B22 to B49, 
alternating hot and cold packs, massage, electrical stimulation, 
belt support in severe pain, exercises, low back wellness 
school, and Nautilus exercise, as shown in Figure 13.31. 

CONCLUSION 

This concludes the discussion of the mechanics and treatment 
of probably the most common condition encountered in low 
back pain patients—facet subluxation syndromes. This chapter 
concludes with a case presentation of facet syndrome. 

Case Presentation 

A 51-year-old woman was seen for the chief complaint of low 
back pain and no leg pain. It had worsened this time following 
yard work, but she had low back pain off and on for most of her 
life. 


Examination revealed +2 deep reflexes bilaterally, no motor 
weakness, and no sensory abnormalities. The ranges of motion 
of the thoracolumbar spine were normal, and straight leg raises 
were negative. 

Figure 13.32 reveals a stable facetsyndrome at the L5-51 level. 
Note that the discal angle is 22°. The greater the discal angle, the 
greater the severity of the facet syndrome, as indicated by the 
thinning of the posterior L5-S1 disc space. In this case, we do 
have nuclear invagination of the inferior vertebral plate of L5 by 
the intervertebral disc. The posterior disc space is markedly thin 
compared with the anterior. 

Treatment consisted of distraction manipulation with a small 
flexion pillow under the L5 vertebral body. Deep goading of the 
paravertebral muscles over the acupressure points B22 through 
B49 was used in preparation for distraction manipulation. This 
patient was given knee-chest exercises, abdominal strengthening 
exercises, and hamstring stretching. Three visits resulted in almost 
total relief of the low back pain. 
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HISTORICAL DATA 

Hcrbinaux (1) in 1782 was the First to recognize spondylolis¬ 
thesis as a cause of obstruction in his obstetric cases, but Kil¬ 
lian (2) was the first to describe and name it, calling it a slow 
subluxation of the posterior facets. Robert (3) believed that 
some defect in the neural arch must be present, and Neuge- 
bauer (4) recognized that the slip could occur with or without 
a neural defect. 

Figure 14.1 is an illustration of the normal L5—SI locking 
mechanism of the intact intervertebral disc (IVD) stabilizing 
the L5 vertebral body to the sacrum, of the neural arch solid 
bone stabilizing the anterior body to the arch, and of the ar¬ 
ticular facets locking the entire functional spinal units of L5 
and the sacrum. Figure 14.2 is an illustration of the progres¬ 
sive slippage that occurs in a person from birth through devel¬ 
opment. 

CLASSIFICATION 

In 1963, Newman (5) classified spondylolisthesis into five types. 
His classification, which follows, is still valid and useful today. 

1. Dysplastic (congenital). Congenital abnormalities of the up¬ 
per sacrum or the arch of L5 permit the “olisthesis” to occur. 

2. Isthmic, in which the lesion is in the pars interarticularis. 
Three kinds can be delineated: 

• Lytic, which is a fatigue f racture of the pars 

• Elongated but intact pars 

• Acute fracture of the pars (not to be confused with “trau¬ 
matic,” see 4) 

3. Degenerative, caused by a longstanding intersegmental in¬ 
stability. 

4. Post-traumatic, caused by fractures in areas of the bony 
hook other than the pars. 

5. Pathologic (i.e., generalized or localized bone disease). 


Dysplastic Spondylolisthesis 

Congenital or dysplastic spondylolisthesis occurs at L5-S1, 
with def ects of fusion of the neural arch occurring in the up¬ 
per sacral vertebrae as well as at L5. Hypoplastic facets of the 
sacrum develop, which fail to provide sufficient resistance to 
the forward shear force of L5 on SI (6). The L5 arch may re¬ 
veal spina bifida, which occurs in girls twice as frequently as it 
occurs in boys. During the growth spurt between ages 12 and 
16, the condition commonly manifests itself , probably because 
of increased weightbearing and stress. The pars interarticularis 
either elongates or separates (6). The dysplastic type of spon¬ 
dylolisthesis can be difficult to differentiate from the isthmic 
type on radiography. A strong genetic association is found in 
dysplastic spondylolisthesis (7), and a study by Wynnc-Davies 
and Scott (8) showed that one of three (33%) relatives of pa¬ 
tients with dysplastic spondylolisthesis will be affected. 

Isthmic Spondylolisthesis 

Isthmic spondylolisthesis is the most common type of spondy¬ 
lolisthesis, and it is caused by a defect in the ossification of the 
pars interarticularis. Three subdivisions of isthmic spondy¬ 
lolisthesis have been delineated: the lytic (subtype A), an elon¬ 
gated pars without separation (subtype A), an elongated pars 
without separation (subtype B), and an acute pars fracture 
(subtype C). Subtype A can be seen in Figure 14.3. 

Spondylolysis 

“Spondylolysis” is a term applied to the mechanical failure of 
an apparently normal isthmus. This occurs most frequently at 
the L5 level, less frequently at the L4 level, and rarely at lev¬ 
els above L4. It is no longer questioned that spondylolysis is a 
fracture that may or may not heal. These fractures are postu¬ 
lated to occur because of the assumption of the upright pos- 
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ture by the infant, allowing a fatigue type of fracture to occur 
when stress beyond the strength of bone occurs. Rosenberg et 
al. (9) obtained radiographs of the lumbosacral spines of 143 
patients who had never walked. The frequency of spondyloly¬ 
sis and spondylolisthesis as well as of other spinal abnormalities 
was determined. The average age of the patients was 27 years, 
with an age range from 1 1 to 93 years. The underlying diagno¬ 
sis responsible for the nonambulatory status varied, but cere¬ 
bral palsy predominated. No case of spondylolysis or spondy¬ 
lolisthesis was detected, and this is significant when it is 
compared with the 5.8% incidence in the general population. 
The incidences of spina bifida (8.4%) and of transitional verte¬ 
bra (10.9%) were similar to those found in the general popula¬ 
tion. Scoliosis was found in 49%, and vertebral body height was 
increased in 33%. Degenerative changes occurred in only 


2.8%. These results support the theory that spondylolysis and 
isthmic spondylolisthesis represent fatigue fractures resulting 
from activities associated with ambulation. 

According to Scovillc and Corkill (10), King studied 500 
normal school children on whom he conducted x-ray studies at 
the ages of 6, 1 2, and 1 8. He did the same with 25 children with 
back problems. He found almost no progression or develop¬ 
ment of spondylolisthesis after the age of 6 years in any of these 
children. True spondylolisthesis rarely if ever progressed after 
the patient reached maturity. Pfeil (11) showed that the infant 
spine is susceptible to fatigue fracture in the isthmus. 

The isthmus can be seen in Figure 14.4. Two layers of cor¬ 
tical bone arc found here, the anterolateral and the postero¬ 
medial, which are joined by parallel thick trabeculae directed 
infcrolaterally and anteriorly from the base of the superior ar- 


Figure 14.1. Illustration of normal locking mechanisms resisting 
forward displacement of the fifth lumbar vertebral body. (Reprinted 
with permission from Macnab I. Backache. Baltimore: Williams & 
Wilkins, 1977:45.) 
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Figure 14.2. Illustration of isthmic spondylolisthe¬ 
sis. The pars interarticularis, which was normal at birth 
(A), becomes attenuated and elongated, allowing the 
vertebral body to slip forward in relation to the verte¬ 
bral body below (B). Eventually, the elongated pars in¬ 
terarticularis may break (C). This defect in the pars in¬ 
terarticularis is, however, secondary to the slip and is 
not the cause of the forward displacement of the verte¬ 
bral body. (Reprinted with permission from Macnab I. 
Backache. Baltimore: Williams & Wilkins, 1977:46.) 
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Figure 14.3. A lytic fatigue fracture defect of the pars interarticularis 
of L5 (urroiv) is shown as the cause of this 22-mm slippage of L5 on the 
sacrum. 


ticular process (12). The anterolateral layer is the thicker of the 
two, and it appears to he capable of resisting forces that tend to 
bend the inferior articular processes posteriorly or posterome- 
dially, which are induced whenever the effect of gravity is 
transmitted to a vertebra inclined below the horizontal anteri¬ 
orly, and are induced when the vertebra is exposed to axial 
torque. Sullivan and Farfan (13) studied the effect of axial 
torque, which tends to disrupt the inferior articular processes; 
they believe that such damage predisposes to spondylolysis. 

INCIDENCE OF SPONDYLOLYSIS 
AND SPONDYLOLISTHESIS 

A study (14) reported by Wiltse stated that if 100 children aged 
5 were to be studied radiographically, probably not one would 
be found with a defect of the pars. If the same children were 
examined toward the end of the first grade (age 7), however, 
the incidence would be approximately 4.4%, which is just 
slightly below the national average. Baker [as reported in 
Finneson (1 5)| found that as these children reached age 1 8, only 
1.4% more showed spondylolisthesis, with most of the in¬ 
crease occurring between ages 1 1 and 16, the time of partici¬ 
pation in the most strenuous athletics, which produce fatigue 
fractures. 

One reason that forward slippage occurs most often in chil¬ 
dren aged 5 to 7 years may be because of the increased activity 


or to the increased sitting in the lordotic posture done by chil¬ 
dren. It is known that fracture never occurs in animals other 
than humans, and only humans have lordosis (16 18). Average 
age at onset of symptoms of spondylolisthesis is 14 in girls and 
16 in boys (19). 

The severity of symptoms and the treatment of spondylolis¬ 
thesis in the child vary greatly from that in the adult. Surgery 
may be more imperative in the child than in the adult because 
further slippage occurs more often in the child. Furthermore, 
the outcome of fusion is better in the child than in the adult, 
with the adult being more willing to curtail activities, to pre¬ 
vent further aggravation of the condition. It is also known that, 
following surgery, greater relief from pain is seen in the child 
than in the adult. For the adult, the prime reason for surgical 
treatment is to relieve pain, not to prevent progression of slip¬ 
page. Slippage rarely increases in the adult (15). 

Semon and Spengler (20) found that in a large group of col¬ 
lege football players, spondylolysis was not a predisposing fac¬ 
tor to low back pain. Furthermore, the mere indication of 
spondylolysis or spondylolisthesis on x-ray film did not mean 
that spondylolysis or spondylolisthesis caused the person’s low 
back pain. Newman (1) observed that, despite the obvious dis¬ 
placement at the L5—SI intervertebral joint, the symptomatol¬ 
ogy seems to derive from the L4—L5 joint. This would be log¬ 
ical, because the forward slippage of L5 does allow the superior 
facet ofL5 to enter the intervertebral foramen in a telescoping 
effect at the L4—L5 level. Furthermore, at the time of the slip¬ 
page, either or both discs (i.e., the L4—L5 or L5—S1) must 
break down, allowing anular stretching and tearing. Without 
this phenomenon, no forward slippage of the vertebra could 
occur. This would be true even if growth defects were seen 
within the arch, namely, pars interarticularis fracture. The 
disc, being a very pain-sensitive structure, certainly creates 
symptomatology as the slippage occurs. Perhaps it is under¬ 
standable why in the adult, after this slippage occurs and the an¬ 
ular fibers heal, the pain lessens or disappears. 



Figure 14.4. Photograph of two slices through the isthmus from the 
fifth lumbar vertebra of a 66-ycar-old man, which were cut parallel to the 
plane of the narrowest perimeter of the isthmus (i.e., the plane of a 
spondylolytic defect). This is typical of the normal appearance of the isth¬ 
mus. The anterolateral layer of cortical hone can he seen in the upper 
left region of the slices. (Reprinted with permission from Krenz J, Troup 
JDG. The structure of the pars interarticularis of the lower lumbar ver¬ 
tebrae and its relation to the etiology of spondylolysis, f bone |oint Surg 
1973;473 (55B):735.) 
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Anatomy of the Partes 
Interarticularis Defect 

A pars delect is visible on the x-ray film and in a cadaver spec¬ 
imen (Fig. 14.5); the actual specimen dissected out at necropsy 
can be seen in Figure 14.6. 

In Figure 14.7, a discogram of the L4-L5 level, disruption 
of the anular fibers is certainly seen, which allowed dye to es¬ 
cape from the nucleus into the perimeter of the disc. This 
demonstrates the tearing that would occur in the anulus at the 
time of slippage. 

In a study off acct joints with the use of arthrography, an ab¬ 
normal communication between the two facet joints bordering 



Figure 14.5. Radiograph showing spondylolysis in a cadaver speci¬ 
men. A defect of the inferior articular process is clearly visible. The lum¬ 
bosacral disc shows degeneration, hut this does not appear to he as ad¬ 
vanced as that at the L4—L5 level. (Reprinted with permission from 
Farfan HF. Mechanical Disorders of the Low Back. Baltimore: Williams 
& Wilkins, I973;7:164.) 


the separated pars interarticularis was observed in 9 of 11 pa¬ 
tients. This communication occurred in the area of the defect. 
In one patient with bilateral spondylolysis of the L5 vertebra, 
both left adjacent apophyseal joints were observed to commu¬ 
nicate not only with one another hut also with the contralateral 
facet joints through a transverse channel joining the isthmic ar¬ 
eas of L5 (21). Furthermore, it was found that spondylolysis 
considerably altered the soft tissues of the adjacent facet joints. 
Irritation of these structures might explain certain complaints 
such as low hack and scleratogenous pain in patients with 
spondylolysis. 

Among the causes of spondylolisthesis, the fifth lumbar ver¬ 
tebra, placed at the apex of the lumbar curve, is probably the 
recipient of the highest stress on flexion and rotation move¬ 
ment. If L5 is well anchored to the pelvis by enlarged transverse 
processes, the same findings may well he seen at the L4 level. 
According to Farfan (16), during forced rotation the neural 
arch is placed under such stress that a permanent sprain can oc¬ 
cur to it. This sprain could take two forms: 

1. The interarticular distance between the inferior facet artic¬ 
ulations is reduced, which may allow the sprained neural 
arch to slip through the other. 

2. The angle of these processes to the axis of the pedicle would 
he increased from a normal angle of about 90° to an abnor¬ 
mal angle of about 1 30°. 

This stress produces an apparent lengthening of the pedi¬ 
cles, which in turn could allow the forward slip of the affected 
vertebra. Farfan further believes that the defect in the lamina is 
probably a fracture at the junction between the laminae and the 
pedicle, as the angle between these structures is opened. Fur¬ 
thermore, the injury at the disc is an epiphyseal separation of 
the superior epiphysis of the sacrum. 



Figure 14.6. Photograph of L5 isolated from thesame specimen as in Figure 14.5. (Reprinted with per¬ 
mission from Farfan HF. Mechanical Disorders of the Low Back. Baltimore: Williams & Wilkins, 
1973;7:165.) 
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Figure 14.7. A. Discogram showing spondylolisthesis of L4 on L 5 in a cadaver specimen. No defect is 
seen in the pars interarticularis; however, there appears to be a prolonged inferior articular process. The 
disc is degenerated. B. Skeletal arrangement. The specimen does not show a true elongation. C. The ap¬ 
parent elongation is caused by superimposition of subluxated superior and inf erior articular facets and to 
the widening of the angle between the lamina and pedicle. (Reprinted with permission from Farfan HF. 
Mechanical Disorders of the Low Back. Baltimore: William & Wilkins, 1973:167.) 


PAIN ORIGIN IN SPONDYLOLISTHESIS 
Pars Interarticularis Defect 

Free nerve endings within the pars def ect tissue can he a source 
of hack pain in some patients with symptomatic spondylolysis 
(22), with activities of daily living stimulating these neural 
structures to levels of nociception as a result of peripheral or 
central sensitization (23). 

Tissue from the spondylolysis defect shows delayed union or 
pseudoarthrosis with fibroblasts and macrophages in a pseu- 
dosynovial lining membrane and occasional perivascular 
infiltrates containing mainly CD2 lymphocytes and CD1 lb 


monocytes or macrophages. Pain in spondylolysis or spondy¬ 
lolisthesis might derive from the spondylolytic defect itself, 
probably from stretching of the local neural elements rather 
than from their sensitization or stimulation by local inflamma¬ 
tory mediators (24). 

Sacral Base and Protruding Disc 

Forward slippage of L5 and the posterior displacement of SI 
posteriorly and cranially into the superior recess of the L5—SI 
neural foramen produces encroachment of the neural canal. 
This process takes place without a true herniation of the IVD 
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and with only relatively minor degrees of spondylolisthesis 
(25). Figures 14.8 and 14.9 demonstrate the pseudoherniation 
of the L5—SI disc into the vertebral canal as a broad-based non- 
focal bulging disc. Note that the disc bulging does not materi¬ 
ally contact the thecal sac, and this patient has relatively benign 
low back pain that healed well with conservative chiropractic 
distraction adjusting. 

Spondylolytic spondylolisthesis can and does occur without 
symptoms. It is known that Eskimos have a 40 to 50% occur- 




Figure 14.8. The arrow in this axial view demonstrates the broad- 
based, nonfocal pseudobulge of the disc in spondylolisthesis, which nar¬ 
rows the sagittal vertebral canal diameter without thecal sac compression 
but with lateral recess narrowing. 



Figure 14.9. 


Sagittal view of the pseudodisc bulgeseen in Figure 14.8. 



Figure 14.10. Illustration ofkinking ofthe nerve roots by the pedicles 
as the body of L5 slips downward and forward. (Reprinted with permis¬ 
sion from Macnab I. Backache. Baltimore: Williams & Wilkins, 1977:54.) 


rence of spondylolisthesis but not that high an incidence of pain 
with it. Forward slippage of the body will not occur without 
degenerative changes in the underlying disc (i.e., forward slip¬ 
page is not possible without anular tearing or breakdown). The 
disc is not capable of withstanding the shearing stresses of the 
body above on the one below. 

In a study comparing the incidence of pain in patients with 
spondylolisthesis by age, Macnab (19) divided patients into 
three age groups (under 26, 26 to 39, and 40 and older). In the 
40 and older group, the incidence of spondylolisthesis in pa¬ 
tients with back pain was approximately the same as it was in 
the general population, whereas in the under 26 group, nearly 
19% of back pain patients exhibited spondylolisthesis. Thus, 
spondylotic spondylolisthesis found in a patient under 26 years 
of age who does have back pain probably is the cause of the 
symptoms; if spondylotic spondylolisthesis is found in patients 
26 to 39 years of age, it is a possible cause; and if it is found in 
patients 40 years of age or older, it rarely, if ever, is the sole 
cause of symptoms. 

Figure 14.10 shows how L5 spondylolisthesis kinks the L5 
nerve root passing under the L5 pedicles. This can be confused 
with root symptoms caused by L4-L5 disc protrusion. An L4 
spondylolisthesis could kink the L4 nerve root and cause 
femoral nerve paresthesia. 

MECHANISMS OF NERVE ROOT 
COMPRESSION IN SPONDYLOLISTHESIS 

Macnab (19) described at least six mechanisms of compression 
of the L5 root in isthmic spondylolysis: 

1. Disc herniation of L4-L5. 

2. The free fragment of the L5 posterior neural arch rotating 
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anteriorly and pivoting on the sacrum, with compression of 
the L5 root between the distal pars remnant and the sacrum. 

3. Occasional kinking of the L5 root around the L5 pedicle in 
spondylolysis. 

4. Encroachment by a degenerative, bulging anulus fibrosus at 
L5-S1. 

5. Neuroforaminal stenosis. 

6. Extraforaminal entrapment between the L5 corpotrans- 
verse ligament and the sacral ala. 

Clinically, pseudospondylolisthesis results in stenosis of the 
lumbar spinal canal, and it can impinge on the nerve roots of 
the cauda equina and induce neurogenic claudication (26). 

Vibrational Effects in Spondylolisthesis 

Helicopter pilots, because of vibrational forces, have been 
found to have a significantly higher incidence of spondylolis¬ 
thesis than transport pilots or cadets (27). In a study of 2 1 pi¬ 
lots with spondylolisthesis followed for 1 2 to 131 months, 16 
had follow-up examination. Only one was found to have sig¬ 
nificant progression of the displacement. Of the 1 2 pilots with 
spondylolisthesis who had hack pain, all continued to fly. The 
other nine pilots did not develop pain. It was concluded that pi¬ 
lots with spondylolisthesis could continue to fly with minimal 
risk of morbidity and loss of flight time (28). 

Spondylolysis Is Questionable As Cause of 
Back Pain 

Hall (29) interestingly points out that the incidence of spondy¬ 
lolysis was higher in asymptomatic persons (9.8%) than in 
those with low back pain (9.2%). He further concluded that 
pre-employment x-ray examination does not have a high pre¬ 
dictive value for future back problems and is not worth the ra¬ 
diation risk. 

SPONDYLOLISTHESIS IS RISK FOR 
RECURRENT BACK PAIN WITH HIGH 
PHYSICAL DEMANDS 

Spondylolysis is essentially a stress fracture, which usually oc¬ 
curs in early adolescence and heals with fibrous tissue to a point 
of significant stability. The radiographic incidence of this ab¬ 
normality is about 4.5%. Most persons remain asymptomatic 
indefinitely. Thus, unless pre-existing complaints of pain under 
severe physical demand exist, no justification is seen for limit¬ 
ing sports or strenuous physical labor. 

Spondylolisthesis is a different story, however. The greater 
the displacement, the greater the risk of recurrent back prob¬ 
lems associated with high physical demand. Limits on de¬ 
manding physical or recreational activity are therefore appro¬ 
priate (30). 

The incidence of spondylolysis is cited at 5% of persons with 
bilateral defects, whereas l%have unilateral defects (31). 


Spondylolisthesis Disability 

Mild to moderate spondylolisthesis detected by chance in a 
middle-aged population does not predispose to more disabling 
back pain than back problems experienced by those without 
spondylolisthesis. However, women with spondylolisthesis have 
mild back symptoms more often than control subjects (32). 

Patients with defects of the L5 arch suggest that a low-grade 
spondylolisthesis does not invariably lead to severe physical im¬ 
pairment or frequent permanent disability, with the possible 
exception of patients with defects at the L4 level (3 3). 

In a prospective study of college football players, the inci¬ 
dence of asymptomatic spondylolisthesis was 4%. The inci¬ 
dence of back pain did not differ in persons with or those with¬ 
out a pars defect (34). 

Slippage and Ongoing Pain 

Only patients with a spondylolisthesis greater than 25% were 
found to have ongoing low back pain. Therefore, work restric¬ 
tions are unwarranted (34). 

CONDITIONS INFLUENCING SYMPTOMS 
Genetics 

Radiographs of the lumbar spine in 1 30 close relatives of 45 pa¬ 
tients with lumbar spondylolisthesis showed spondylolysis or 
spondylolisthesis in 37 (28.5%). The occurrence of spondy¬ 
lolisthesis is more than four times higher than the incidence (6%) 
in the general population (35). 

Diabetics 

A decreased prevalence of lower back pain among diabetic pa¬ 
tients is reported; it might be attributable to increased nonen- 
zymatic glycosylation of connective tissue proteins in juxta- 
articular tissues, which may make these tissues stiffer and less 
liable to small pain-inducing subluxations. It is possible that di¬ 
abetic patients have an even higher prevalence of spondylolysis 
than nondiabetics (36). 

Oophorectomy 

Oophorectomy has been shown to provoke an abrupt decrease 
in serum estrogen level and a deficit of testosterone and an- 
drostanedione, which are also secreted by the ovary. It appears 
that the loss of elasticity in the paraspinal ligamentous system 
produced by hormonal changes caused by oophorectomy can 
contribute to degeneration and to the development of the ver¬ 
tebral slip (37). 

Age, Hamstring Length, 

Pregnancy, Slippage 

Patients with hamstring muscle contracture showed a higher 
degree of spondylolisthesis and greater disc degeneration than 
patients without hamstring contracture (38). 
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Age at symptom onset in the patients with L5 spondylolis¬ 
thesis was 1 9 years, and the age at radiographic diagnosis was 
2 3, whereas the L4 spondylolysis patients showed symptoms at 
20 years and were radiographed for diagnosis at 30 years. Oc¬ 
casional low back pain occurred in 91% and chronic pain was 
found in 73%; 60% found their pain constant, with 79% find¬ 
ing loading of the lumbar spine to he pain-producing. 

Of the 255 patients studied 55% reported having had sciat¬ 
ica (38); 70% had received treatment for low hack pain. A 
comparison of surgically treated versus nonsurgically treated 
patients showed no statistically significant differences in fre¬ 
quency of symptoms and functional impairment, degree of 
spondylolysis at diagnosis, or progression of slippage. 

Pregnancy showed no statistically significant differences in fre¬ 
quency of symptoms, functional impairment, or degree of pro¬ 
gression of slippage when 63 pregnant women were compared 
with 21 women who had never been pregnant, and to 171 men. 


CHIROPRACTIC ADJUSTMENT 
RESULTS CORRELATED WITH 
SPONDYLOLISTHESIS INSTABILITY 1 

Summary 

Ten true spondylolisthesis patients, nine with the lesion at L5 
and one at L3 , were tested by vertical suspension radiography 
compared to neutral lateral weight-bearing X-ray to determine 
translational segmental instability. Cases were classed as unsta¬ 
ble (high instability) if over 3 mm of translation of the spondy¬ 
lolisthetic segment occurred and as stable (low instability) if 
less than 3 mm of motion was seen. Chiropractic distraction ad¬ 
justment was applied in each case, and the response to care was 
evaluated by subjective rating of pain relief. Results found that 
all five patients with stable spondylolisthesis cases obtained 
75% or greater relief from chiropractic adjustment of the type 
used by the author, whereas one with the unstable variety ex¬ 
perienced over 75% relief while the other four had less than 
50% relief of pain. As defined in this paper, stable true spondy¬ 
lolisthesis seems to respond better than the unstable variety. 

Fifty percent of patients with spondylolysis develop spondy¬ 
lolisthesis. Rain is the most common symptom, with the peak 
age lor the onset of symptoms occurring during the adolescent 
growth spurt. Spondylolisthesis is the most common cause of 
low back pain and sciatica in children and adolescents, hut most 
adolescents with spondylolysis are asymptomatic (1). 

The severity and frequency of low hack pain symptoms does 
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STABILITY OF SPONDYLOLISTHESIS AND ITS 
THERAPEUTIC IMPLICATIONS 

Every case of spondylolysis or listhesis I see on radiography 
raises the question: How much of this patient’s pain is caused 
by the defect and slip and how much is from other causes? 
Disc instability and facet hypoplasia determine the degree of 
forward slip of the spondylolisthesis segment (39). Iliolum¬ 
bar ligament weakness accompanies L5 transverse process 
lack of thickness and results in instability at the lumbosacral 
junction (40). 

To present the implications of translational instability and its 
determining factors on pain and treatment response, I will next 
print a research study on 10 cases of true spondylolisthesis I 
published using Friberg’s diagnostic work and distraction ad¬ 
justing. This paper covers the how and why in treating spondy¬ 
lolisthesis with distraction adjusting. 


not show correlation with the degree of spondylolisthesis seg¬ 
ment (1). 

The treatment result of stable (low instability) vs. unstable 
(high instability) spondylolisthesis cases under chiropractic ad¬ 
justment has not been addressed. The study reported in this pa¬ 
per was designed to answer this question. Stability was deter¬ 
mined by radiographic measurement of translatory motion of 
the spondylolisthetic segment during movement from neutral 
lateral standing to axial loading of the spine (4). The relief ob¬ 
tained from the chiropractic adjustment was then documented. 

Methods 

Ten patients, seven men and three women, age 24-61 years, 
were radiographed in neutral lateral(Fig. 1) and axial traction 
by hanging suspension (Fig. 2) as described by Friberg (4). 

Translational motion of one vertebral functional motor unit 
upon its adjacent segment by 3 mm as the spine is flexed and 
extended has been considered physiological motion; greater 
than 3 mm movement is felt to represent abnormal transla¬ 
tional motion (3, 10, 11). One group felt their study indicated 
that up to 4 mm of translational motion was physiological (6). 

Stability of the spondylolisthesis segment was defined as less 
than 3 mm of translational movement seen between the verti¬ 
cal suspension X-ray and the neutral lateral standing X-ray. In¬ 
stability was defined as translational movement of the spondy¬ 
lolisthesis segment on vertical traction greater than 3 mm from 
the slippage seen on neutral lateral X-ray view. 

X-ray examination of a 3 3-year-old man in neutral lateral, 
flexion, extension, and axial traction is illustrated to demon¬ 
strate the method used in this study (Figs. 3—6). Figure 3 re¬ 
veals neutral lateral slippage of L5 on the sacrum by 10.5 mm. 
Figure 4 shows that in flexion the slippage actually reduces by 
0.5 mm, while extension (Fig. 5) shows a 0.5 mm reduction of 
the slippage from the neutral lateral projection. Figure 6 is the 
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Figure 1. Neutral lateral standing posture for radiography of the lum¬ 
bosacral spine 

Figure 2. Hanging suspension study by Friberg [4] for study of trans- 
latory instability of the spondylolisthesis segment 


axial hanging suspension traction study as shown in Fig. 2, 
which shows a reduction to 5.5 mm, representing translatory 
instability of 5 mm for L5 on S 1. 

Figure 7 is the neutral lateral X-ray of an L3 true spondy¬ 
lolisthesis slip of 8 mm, which was reduced by 3 mm to a 5- 
mm slip on the vertical suspension study (Fig. 8). Figure 9 
demonstrates a 10-mm L5 slippage on the sacrum in neutral 
lateral projection and no slippage on axial distraction suspen¬ 
sion (Fig. 10). 

Treatment in the ten cases consisted in distraction manipu¬ 
lation as demonstrated in Fig. 11. A small flexion roll is placed 
under the spondylolisthesis segment, and the doctor’s hand is 
placed with thenar contact for manipulation on the spinous 
process above the spondylolisthesis segment. The upward mi¬ 
gration of the superior facet of the spondylolisthetic segment 
into the osseoligamentous canal (intervertebral foramen) at the 
level directly above can induce stenosis and possible nerve root 
compression as well as facet irritation. The treatment goal is to 
lever the spondylolisthesis body posteriorly by flexing and dis¬ 
tracting the lumbar spine into hypolordosis or slight kyphosis, 
thus increasing the vertical and sagittal diameter of the inter¬ 
vertebral foramen directly above the spondylolisthesis seg¬ 
ment. With a cephalic lift to the spinous process by the doctor’s 
thenar contact, the segment is lifted gently as caudal distraction 
is applied with the caudal section of the table at a rate tolerable 
to the patient. That is, three 20-second distraction sessions are 
applied and during each session, the spinous process is lifted 


cephalad five or six times as the caudal table section is placed to 
apply distraction to the lumbar spine. No more than 1 to 2 
inches of downward table motion is allowed under distraction. 
This limits the amount of distraction to safe parameters, espe¬ 
cially since the flexion roll is placing the lumbar spine into slight 
kyphosis. This distraction adjustment opens the posterior arch 
and disc space while relieving segmental facet dysfunction at 
the level above the spondylolisthesis slippage. Attention must 
also be paid to possible sacroiliac joint dysf unction and appro¬ 
priate correction made. 

Specific exercises are given to the patient to do at home. 
These are shown in Figs. 1 2 and 1 3 and consist of knee-chest 
flexion and hamstring stretching. 

The patients attended the Low Back Wellness School to 
learn how to bend, lift, and twist the spine in daily living to pre¬ 
vent pain and disability. 

Patient relief was subjectively graded on a scale of 1 to 4. 
One was 75% or greater relief of pain; two, 50% or greater re¬ 
lief; three 25% or greater relief , and four, nil relief . Data was 
then analyzed using correlation and regression to determine the 
stability of the patient’s spondylolisthesis and the amount of re¬ 
lief obtained from the treatment. Potential ef fects of gender, 
age, and the number of treatments on patient relief were also 
analyzed (9). 

Results 

Table 1 shows the patient characteristics of age, sex, weight, 
height, level of involvement, neutral lateral standing slippage, 
vertical standing suspension slippage, the amount of movement 
from neutral to vertical suspension, the percentage of total re¬ 
duction of the slippage f rom neutral to vertical suspension, the 
degree of stability as measured by being stable (low instability) 
if there was less than 3 mm of motion from neutral upright X- 
ray to vertical suspension or unstable (high instability) if there 
was greater than 3 mm of motion, the response to treatment, 
and the number of adjustments given to the patient. 

Of the five patients who had stable spondylolisthesis, all re¬ 
ported 75% or greater relief from treatment, while four of the 
five patients with instability reported less than 50% relief from 
treatment. At first appearance, patients with stability thus seem 
to respond better to treatment. 

However, Table 1 demonstrates differences across patients 
in gender, age, and number of treatments. Did men have less 
pain relief than women? Does a patient’s age contribute to his 
or her potential for pain relief? Do patients who receive many 
treatments have more pain relief than those with few treat¬ 
ments? 

These questions are addressed with the results reported in 
Tables 2 and 3. Calculation of the bivariate Pearson correlation 
coef ficients shows that only stability is a significant predictor of 
pain relief. Stability has a correlation coefficient of "~0.72, 
which suggests that patients with instability report less marked 
pain relief . 

Multiple regression shows that with stability entered into 
the equation, the R 2 is 0.72, with F = 8.62, which is signifi- 
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Figure 3. Neutral upright radiograph shows a 10. 5-mm slippage of the L5 vertebral 
body on sacrum 

Figure 4. Flexion study of the patient in Fig. 3 shows a 10 mm slippage 

Figure 5. Extension study of the patient in Fig. 3 shows 10-mm of slippage of the 
L5 body on the sacrum 

Figure 6. Suspension study reveals translational posterior movement of the L5 body 
on the sacrum by 5 mm from the neutral lateral studv 


cant. Examination of the Beta shows that instability patients re¬ 
port 0.7 unit, or almost 1 unit less pain relief than stable pa¬ 
tients i.e., while stable spondylolisthesis patients on aver¬ 
age reported 75% or greater relief (scale value 1), then 
unstable spondylolisthesis patients on average reported 50 to 
74% pain relief (scale value 2). Furthermore, when a patient’s 
stability is known, the R 2 demonstrated that pain relief could 
be predicted 52% of the time. 

Discussion 

Flexion and extension studies can fail to demonstrate instabil¬ 
ity of the spondylolisthesis segment, whereas traction radiog¬ 
raphy, as shown in this paper based on the work of Friberg (4) 
is successful in showing the abnormal movement. In 1 17 pa¬ 
tients with a known spondylolisthesis, lateral spot radiography 
showed an anteroposterior translatory movement of 5 mm or 
more in 24 of 45 patients with lytic spondylolisthesis of F5, in 
all 7 patents with degenerative spondylolisthesis of F4, and in 
57 of 65 patients with a retrolisthetic displacement of F5, F4, 
or F5. Such instability was seen on axial traction studies in 
symptomatic spondylolisthesis patients even when flexion- 


extension studies failed to show any instability. In chronic low 
back pain of unknown etiology, axial traction of the spine pro¬ 
duced abnormal posterior movement at segments that ap¬ 
peared quite normal on a static radiograph (4). 

Advancement of spondylolisthesis slip has no value for the 
evaluation of severity of this condition, since the adult inci¬ 
dence level of slippage of 6 to 7% is reached by the age of 5—7 
years. If increased slippage occurs, it is usually noted between 
9—1 5 and seldom after age 20. One study showed that only 7 
of 500 spondylolisthesis subjects followed up showed any pro¬ 
gressive slip (5). 

Treatment of 54 unstable degenerative spondylolisthesis 
cases with medial facetectomies and posterolateral fusion with 
combined distraction and compression rod instrumentation re¬ 
sulted in reduction of preoperative low back pain in 87% and 
of sciatica in 67% to 7.5% and in 5.6% postoperatively (8). 
Preoperative neurogenic intermittent claudication in 65% and 
neurogenic bladder in 11 % had disappeared completely in all 
patients by the time of the follow-up examination. 

Boston brace treatment of 67 persons with symptomatic 
spondylolysis and spondylolisthesis yielded an excellent or 
good result with no pain and return to full activities in 52 (78%) 
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(14). Progressive adolescent spondylolisthesis during the 
growth spurt in 28 patients with grade I or II slippage was 
treated with antilordotic braces. The brace was worn for 25 
months of mean duration, with the result that all patients were 
pain-free and none demonstrated a significant increase in per¬ 
centage slip (2). 

One study showed that in two thirds of nonoperative cases 
of grade II or less symptomatic spondylolisthesis, pain relief 
was obtained (12). Forty-eight patients with symptomatic hack 
pain secondary to spondylolisthesis were treated with flexion 
and extension exercises with a 3-year follow-up. After 3 
months of exercise, 27% of the flexion-treated patients were 
found to have moderate or severe pain and 32% were unable 
to work or had limited work duties. Among those treated with 
extension, at 3 months 67% had moderate to severe pain and 
61% were unable to work. After 3 years, 19% of the flexion- 
treated patients had moderate or severe pain and 24% were un¬ 
able to work, whereas 67% of the extension-treated patients 
were found to have moderate or severe pain and 61 % to be un¬ 
able to work. The overall recovery rate for flexion exercise pa¬ 
tients was 62% and that for extension-treated patients was 
zero. The conclusion of this conservative treatment study was 


that flexion and isometric back-strengthening exercises should 
be used (13). 

Tight hamstring muscles are a common presenting com¬ 
plaint or fi nding in symptomatic spondylolisthesis, and postural 
deformity or abnormal gait resulting from hamstring tightness 
leads to clinical evaluation (2). Eighty percent of symptomatic 
spondylolisthesis patients have tight hamstring muscles which 
tilt the pelvis backward and do not permit the hip to flex suffi¬ 
ciently for a normal stride. The patient then walks with a stiff- 
legged, short-stride gait resulting in a pelvic waddle as the 
pelvis rotates with each step (7). 

Scoliosis occurs in 2 3 to 48% of patients who have sympto¬ 
matic spondylolisthesis, usually due to lumbar muscle spasm 
and not to structural changes. The incidence of spondylolysis 
or spondylolisthesis is slightly higher (6.2%) in children who 
have idiopathic scoliosis than in the general population (7). 

This study shows that often true spondylolisthesis patients, 
five showed less than 3 mm translation of the spondylolisthetic 
segment (stable spondylolisthesis) on vertical suspension com¬ 
pared with neutral upright radiography. All five of these stable 
spondylolisthesis patients received 75% or greater subjective 
relief from chiropractic adjustment. 
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Figure 7. The L3 vertebral body is 8 mm antcrolisthesed on the L4 
body in neutral lateral radiograph 

Figure 8. Hanging suspension study shows posterior translation of the 
L3 body on the L4 body by 3 mm, to give a 5-mm slip 

Figure 9. 10 mm of anterior spondylolisthesis of L5 on sacrum is seen 

on neutral lateral projection 

Figure 10. Suspension of the patient in Fig. 9 shows complete reduc¬ 
tion of the 10-mm slippage of L5 on sacrum 
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Figure 11. The distraction adjustment technic used in treatment 



Figure 12. Knee-chest exercises were performed twice daily, six rep¬ 
etitions at a time, each held I or a slow count ol four 



Figure 13. Hamstring stretching utilizing proprioceptive neuromuscular facilitation was done daily, 
thi -ec times per extremity 


Table 1 


Data for Each Patient 

Neutral Vertical 

Ht Wt Level Slip 3 Slip 3 Movement 3 Reduction 3 No. of Response to 


Case 

Age 

Sex 

(cm) 

(kg) 

Affected 

(mm) 

(mm) 

(mm) 

(%) 

Stability 3 

Treatment 3 

Treatment 3 

1 

31 

F 

165 

63 

L5 

10 

1 

-9 

90 

\ 

23 

4 

2 

24 

F 

111 

66 

L5 

10 

4 

-6 

60 

! 

* 

3 

3 

61 

M 

205 

71 

L5 

8 

4 

-4 

50 

1 

3 

2 

4 

15 

F 

160 

66 

L5 

8 

6 

-2 

25 

2 

11 

1 

5 

54 

M 

190 

70 

L5 

12 

10 

-2 

8 

2 

6 

1 

6 

42 

M 

“i 


L5 

21 

22 

-FI 

0 

2 

6 

\ 

7 

25 

M 

185 

73 

L5 

5 

0 

-5 

100 

1 

24 

1 

8 

37 

M 

165 

70 

L5 

10 

8 

-2 

20 

2 

3 

1 

9 

33 

M 

152 

66 

L5 

10.5 

5.5 

-5 

48 

1 

6 

3 

10 

59 

M 

210 

71 

L3 

8 

5 

-3 

LAJ 

OC 

2 

6 

1 


•'Neutral slip, spondylolisthesis slippage on neutral upright lateral view; vertical slip, slippage seen on vertical suspension study; movement, slip Irom neutral 
to vertical suspension (mm); reduction, percentage ol movement from neutral to vertical suspension; stability, high instability — 1, and low instability = 2; 
relief, pain relief as a result ol treatment; subjective response on a scale ol 1 to 4, where 1 = 75% or greater reliel, 2 = 50% to 74% relic!, 3 — 25 to 49% 
relief , and 4 — less than 2 5% relief . 
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Table 2 


Correlation Coefficients of 
Study Variables 3 

Age No. of Treatment Gender Stability 

Relief -0.23 0.35 -0.53 - 0.72 

(0.52) (0.36) (0.12) ( 0 . 01 ) 

a Pearson correlation coefficients are reported with their probability levels 
in parentheses; only the significant coefficient (stability) is printed in 
boldf ace type 

The other five patients had greater than 3 mm of translational 
motion according to a comparison of the slippage seen in neutral 
standing and in vertical suspension studies. These five patients 
with unstable spondylolisthesis experienced less than 50% relief 
as a result of chiropractic adjustment in four of the five cases. 

Conclusion 

This study suggests that spondylolisthesis patients showing 
translational instability greater than 3 mm have a less favorable 
outcome of manipulation than those patients with 3 mm or less 
movement. Comparison of the vertical suspension studies and 
neutral upright radiography may be helpful in predicting the 
degree of success that can be achieved by treating spondylolis¬ 
thesis with chiropractic adjustments. 

There may be other valid predictors of response of spondy¬ 
lolisthesis cases to manipulative treatment, namely that if the 
vertebral body translates less than 50% of the slippage amount 
in going from neutral lateral standing radiograph to vertical 
suspension study, the response is more favorable than if the 
slippage amount translates by greater than 50% of the slippage 
amount. Such a criterion could be explored in future studies. 
The amount of translational movement appears to be predic¬ 
tive for the patient response to chiropractic adjustment. 
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lytic spondylolisthesis of L5, in all of 7 patients with degenera¬ 
tive spondylolisthesis of L4, and in 37 of 65 patients with a 
retrolisthesis displacement of L3, L4, or L5. In cases of spon¬ 
dylolisthesis or retrolisthetic instability, the upper vertebra 
moved posteriorly during traction and anteriorly during com¬ 
pression (41). 

Specifically, the degree of translatory movement at the 
spondylolisthetic level differed significantly among groups 
complaining of different degrees of pain. The asymptomatic 
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I_j ASYMPTOMATIC (n «= 13) 



MAXIMAL FORWARD AMOUNT OF 

DISPLACEMENT INSTABILITY 


Figure 14.11. Means and standard deviations of the maximal anterior 
slip and of the degree of translatory instability provoked by axial traction 
and compression in 45 patients with lytic spondvlolisthesis of L5. The pa¬ 
tients were classified in three categories according to the severity and fre¬ 
quency of low hack pain symptoms. (Reprinted with permission from 
Friberg (). Lumbar instability: a dynamic approach by traction-compres¬ 
sion radiography. Spine 1987; 1 2(2): 12 3.) 


group of patients showed a mean amount of movement of 0.7 
mm, whereas the group with moderate pain symptoms showed 
5.2 mm of movement, and the group with severe pain symp¬ 
toms showed 7.5 mm of movement (Fig. 14.11). Therefore, 
the frequency and severity of low hack pain symptoms corre¬ 
lated significantly with the amount of translational movement. 

The same is true in retrolisthesis (Fig. 14.12). As in the case 
of lytic spondylolisthesis, a correlation was found between the 
amount of translatory movement and the degree of low back 
pain symptoms in retrolisthesis. The difference between the 
asymptomatic group and the symptomatic group with respect 
to the amount of instability was statistically significant (41). 


Complete Reduction of Spondylolisthesis 
on Suspension 

Case 1 

A 25-year-old man was involved in a motorcycle accident and de¬ 
veloped low back pain. Figure 14.13 shows a 5-mm anterior true 
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MAXIMAL BACKWARD AMOUNT OF 

DISPLACEMENT INSTABILITY 


Figure 14.12. Means of the maximal posterior slip and of the transla¬ 
tory instability provoked by axial traction and compression of the lumbar 
spine in 65 patients with retro-olisthetic malalignment. The patients 
were classified in three categories according to the severity and frequency 
of low back pain symptoms as in Figure 1 3.4. (Reprinted with permis¬ 
sion from Friberg O. Lumbar instability: a dynamic approach by traction- 
compression radiography. Spine 1987; 1 2(2): 1 25.) 


spondylolisthetic slip of L5 on the sacrum, which reduces to 0 mm 
on vertical distraction, as shown in Figure 14.14. This patient was 
difficult to stabilize and required 6 weeks of manipulative care and 
the use of a stabilizing orthosis, as shown later in this chapter. This 
type of memory foam belt is used to stabilize our unstable spondy¬ 
lolisthesis patients, with some wearing the belt to bed at night un¬ 
til the pain is at least 50% reduced. This stability hastens healing. 


Unilateral Pars Interarticularis Defect: 
Slippage Occurs on Extension 

Case 2 

A 35-year-old man had low back pain following a pushing inci¬ 
dent. Left L4-L5-S1 pain on palpation was noted with a positive 
Kemp's sign and positive straight leg raising (SLR) at 45° Range 
of motion was markedly limited. 

Figure 14.15 is a neutral lateral upright lumbosacral radi¬ 
ograph showing a pars defect and anterior slippage of L5 on the 
sacrum. Figure 14.16 shows the pars defect to be unilateral. Flex¬ 
ion study (Fig. 14.17) indicates no further slippage of L5, whereas 
Figure 14.18, extension motion, reveals 6 mm of anterior slippage 
of L5 on the sacrum. 

Figure 14.19 is an upright suspension radiograph showing 
100% reduction of the slip. 

This is an excellent study showing unilateral spondylolysis al¬ 
lowing translational instability. Without motion and suspension 
studies, this instability would not be appreciated. Treatment of 
this type of instability requires a lumbosacral brace for 2 months 
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Figure 14.13. A 25-year-old man is shown with a 5-mm anterior true 
spondylolisthetic slip of L5 on the sacrum. The pain followed a motor¬ 
cycle accident. 

j 



Figure 14.14. On vertical tractions, the 5-mm anterior subluxation of 
L5 reduces to 0 mm. 



Figure 14.15. Lateral view reveals the pars interarticularis defect (or- Figure 14.16. Tilt anteroposterior view at L5—S1 shows a unilateral 

row ) with forward slip of L5 on sacrum. Oblique views proved this to be pars defect (arrow), which was confirmed by oblique views, 

unilateral spondylolysis. 
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Figure 14.17. Flexion study of Figure 14.1 5 shows no increased slip 
ol 1.5 on sacrum, with perhaps reduction ol the slip. 


Figure 14.19. Vertical suspension shows complete reduction ol the 6- 
mm slip of 1.5 seen on extension. 



Figure 14.18. Extension shows 6-mm anterior translation of L.5 on 
the sacrum representing instability. 


while stabilizing exercises of the abdomen and low back along 
with hamstring stretching are performed. The spinal distractive 
adjustment treatment is shown in Figures 11-13 of the repro¬ 
duced paper entitled "Chiropractic Adjustment Results Corre¬ 
lated With Spondylolisthesis Instability" as well as in Chapter 9, 
Biomechanics , Adjustment Procedures , Ancillary Therapies, and 
Clinical Outcomes of Cox Distraction Technique. Galvanic electri¬ 
cal current into the involved pars interarticularis defect was given. 
The patient attended low back wellness school to learn er¬ 
gonomics for lifting, bending, and twisting at work and home to 
prevent future pain. Excellent relief was obtained. 


L3 Spondylolisthesis with Vacuum 
Instability 

An L3 20% slippage with vacuum change within the nucleus 
pulposus (arrow) is shown in Figure 14.20. Note the pars inter¬ 
articularis interruption and hyperostosis around the defect (ar¬ 
rowhead). L4 rctrolisthesis subluxation is also seen. 

Complete Reduction of an L5 10-mm 
Spondylolisthesis Slippage 

Figure 14.21 shows a ncutrolatcral standing radiograph reveal¬ 
ing a 10-mm spondylolisthesis slippage of L5 on the sacrum in 
a 3 1-year-old overweight woman. Figure 14.22 shows a verti¬ 
cal suspension lateral radiograph taken of this same patient that 
reveals total reduction of the spondylolisthetic slippage. This 
represents a 10-mm translational movement of the spondy- 
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Figure 14.20. LB is 20% anterolisthesed on L4 with vacuum change 
of the nucleus pulposus (arrow). The arrowhead shows the hyperostosis 

around the pars interarticularis defect. Figure 14.22. On vertical traction, the 10-mm slippage shown in Fig¬ 

ure 14.21 is totally reduced to no slippage. 



ij m ^ . 


mp i<w 1 mm 

Figure 14.21. In the upright neutral posture of this 31-year-old 
woman, the L5 is 10 mm anterior on the sacrum. 

lolisthctic slip under vertical distraction. This patient s symp¬ 
toms consisted of severe low back and radiating thigh pain, 
which interfered with her ability to sit, bend, lift, or twist at 
the waist. This case required considerably more days and ma¬ 
nipulative treatments to attain relief than do less unstable cases. 


MULTIPLANAR COMPUTED TOMOGRAPHY, 
MAGNETIC RESONANCE IMAGING, AND 
DISCOGRAPHIC EXAMINATION 

Patients (700) with various types of spondylolisthesis were 
evaluated with reformatted computed tomography (CT) (42). 
Of these, 450 had pars interarticularis defects, 225 had degen¬ 
erative spondylolisthesis, and 2 5 had iatrogenic subluxation. 
Of the 450 isthmic defects, 92% were at L5 and 7% were at 
L4. Unilateral clefts were demonstrated in 68 patients. The de¬ 
fect seen in the pars interarticularis is shown in Figure 14.23 
from CT reformation. 

Spondylolysis is seen to occur with two types of congenital 
clefts (43): 

1. Retroisthmic defect (Fig. 14.24/1), which occurs within the 
neural arch, behind the pars interarticularis and medial to 
the spinous process. It is probably of no consequence. 

2. Retrosomatic cleft (Fig. 14.24/3), which occurs anterior to 
the pedicle, in the fusion plane of the pedicle with the ver¬ 
tebral body. This defect is associated with degeneration of 
the disc and spondylolisthesis. 

Magnetic resonance imaging (MRI) and conventional radi¬ 
ographic discography were used to study 101 levels in 36 pa¬ 
tients with low back pain to detect early disc degeneration 
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Figure 14.23. Unilateral pars interarticularis de¬ 
lect. A. Axial scan on a patient with unilateral right 
pars interarticularis defect. B. Diagram of A. C. 
Sagittal reformation through the right pars defect 
(arrow). D. Sagittal reformation through the thick¬ 
ened pars ( arrowheads ). (Reprinted with permission 
of Steven Rothman, MD. Rothman SLG, Glenn 
WV. Multiplanar CT of the Spine. Rockville MD: 
Aspen, 1985:220.) 



Figure 14.24. A. Retroisthmic cleft. 
Axial (Top) and coronal (bottom) views 
reveal clefts within the left lamina (ar¬ 
rows). A. ( Top) Axial scan with pars de¬ 
lect on the left (arrow) and a retroso- 
matic cleft on the right. B. Retrosomatic 
clefts. B. (Bottom left) Sagittal view 
through the retrosomatic cleft, which 
lies anterior to the pedicle (arrow). (Bot¬ 
tom ri(jht) Sagittal view of the opposite 
side through a typical pars defect (ar¬ 
row). (Reprinted with permission of 
Steven Rothman, MD. Rothman SLG, 
Glenn WV. Multiplanar CT of the 
Spine. Rockville, MD: Aspen, 1985: 
2 30, 2 31.) 
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Table 14.1 


MRI Signal and Discographic Pattern of the Affected and Adjacent Levels in Patients 
with Spondylolisthesis 


Patient No. 

Grade (1—4) 

Level 

MRI 

Disco 

Adjacent Levels 

MRI 

Disco 




Signal 



Signal 


»l 

Lysis only 

L5-S1 

nl 

nl 

L3-L4 

nl 

nl 




1 


L4-L5 

nl 

nl 

2 

I 

L5-S1 

▼ 

hern 

L3-L4 

nl 

nl 






L4-L5 

nl 

nl 

3 

2 

L5-S1 


deg 

L2-L3 


deg 






L3-L4 


deg 




1 


L4-L5 

i 

deg 

4 

1 

L5-S1 

\ 

deg-hern 

L3-L4 

nl 

nl 




i 


L4-L5 

1 

deg-hern 

5 

i 

L3-L4 

+ 

deg 

L4-L5 

t 

deg 






L5-S1 

nl 

nl 

Reproduced with permission from Schneidcrman G, Flannigan 

B, Kingston S, 

et al. Magnetic resonance imaging in the diagne 

)sis ol disc degeneration: 

correlation with discograpy. Spine 1987; 12(3):280. 






nl, normal; y, marked loss or no signal; 

4, intermediate signal loss; deg, degenerated; hern, herniated; deg hern, degenerated herniated. 


(44). Table 14 

. 1 shows the MRI 

signal and discogi 

raphic pat- 

MRI Diagnosis for Pars 



terns found at the level of spondylolisthesis and adjacent levels. 

Interarticularis Defects 




Figure 14.25 shows the degenerative change of the L3—L4 

disc, which is the level of degenerative spondylolisthesis of L3 A hypointense area in the pars interarticularis on T1 -weighted 

on L4. Note how the nuclear material has dissipated through- ima g cs belore thc appearance ol spondylolysis on plain radiog¬ 
out the entire anulus fibrosus ofthediscand the signal intensity ra P h r or CT has bccn documented. This hypointense area may 

of the disc is decreased. Figure 14.26 reveals the marked de- be caused b r hemorrhage in the pars interarticularis or edema 

generative internal derangement of the nuclear material at in adjacent tissues. Changes in MRI signal intensity in the pars 

LS-S1, with protrusion of the nuclear material posteriorly. interarticularis are useful in the early diagnosis of spondyloly- 

sis (47). 


Plain Radiographs Necessary 

A plain radiograph should he used for primary examination to 
detect displacement, lysis, and degenerative changes. MRI has 
additional advantages in the evaluation of the intervertebral 
neural foramina in spondylolisthesis. MRI is recommended as 
the second imaging modality after plan radiographs if surgery is 
contemplated (45). 

Recumbent Radiographic Study Superior to 
Upright Study 

Upright, recumbent flexion and extension studies of 50 con¬ 
secutive adult patients with spondylolisthesis showed 3 1 to dis¬ 
play abnormal translation. Of these, 18 had abnormal motion only 
when they were examined in the lateral decubitus position and not when 
standing. Nine displayed excessive motion in both positions. 
Only four displayed more translation while standing. 

When spondylolisthesis is being analyzed to maximize mo¬ 
tion, flexion and extension radiographs should be obtained in 
the lateral decubitus position. Instability denotes surgical need 
in symptomatic spondylolisthesis (46). 


MRI Changes of the Lumbar Pedicles 

Type I changes are characterized by decreased signal on Tl- 
weighted images and increased signal on T2-weighted images. 
Type II changes are characterized by increased signal on Tl- 
weighted images and isointense or slightly hyperintense signal 
on T2-weighted images. Type III changes are characterized by 
low signal intensity on both Tl- and T2-weighted images. 

Progressive reactive marrow changes are seen in 40% of 
teenage and adult patients with spondylolysis (48). 

Single Photon Emission 
Computed Tomography 

Fifty patients with spondylolysis and back pain were evaluated 
by single-photon emission computed tomography (SPECT 
bone scanning). In acute spondylolysis, the SPECT scan tends 
to revert toward normal even though healing of the spondylol¬ 
ysis has not occurred. As spondylolisthesis develops and pro¬ 
gresses, the SPECT scan again becomes positive. SPECT scan¬ 
ning in spondylolysis is not a positive or negative process, but 
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Figure 14.25. A. Lateral discogram examination 
demonstrates degenerated herniated discs at the level of 
L3—1.4 and 1.4 L5. A normal disc is identified at L5—SI. 
A grade 1 spondylolisthesis L3 on L4 is seen (arrow). B. 
Sagittal MRI (SE 2000/56) demonstrates grade 1 spondy¬ 
lolisthesis L3 on L4 and marked loss of signal intensity at 
the levels of L3—L4 and L4—L5 (arrows). Note normal in¬ 
tensity at L2—L3 disc and L5—SI disc. (Reprinted with 
permission from Schneidcrman G, Flannigan B, Kingston 
S, et al. Magnetic resonance imaging in the diagnosis of 
disc degeneration: correlation with discography. 
1987;Spine 12(3): 280.) 




Figure 14.26. A. Sagittal MRI (SE 2000/70) demonstrates grade I spondylolisthesis and disc degener¬ 
ation at the L5—SI level (arrow). Normal disc intensities are noted at the L4—L5 level. B. Anteroposterior 
and lateral discography demonstrates normal disc levels at L3—L4, L4-L5, and a degenerated herniated disc 
at L5—S1 (arrows). (Reprinted with permission from Schneiderman G, Flannigan B, Kingston S, Thomas J, 
etal. Magnetic resonance imaginginthe diagnosis of disc degeneration: correlation with discography. Spine 
1987; 12( 3):281.) 
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rather varies with the time and stability of the spondylolytic 
spine (49). 

When a given patient develops spondylolysis, it is likely the 
patient will have a positive SPECT scan showing activity in the 
area of the pars. If the spondylolisthesis does not occur, then 
the SPECT scan tends to gradually become negative. 

As slippage occurs, the pars interarticularis is disrupted and 
a microfracture of it occurs. The result is remodeling and de¬ 
velopment of degenerative changes about the disc space. The 
SPECT scan reflects these changes by showing increased activ¬ 
ity in the involved area. The SPECT scan of the lumbar spine 
should not be viewed as either a positive or negative screening 
test, hut rather as a means of evaluating mechanical stresses that 
are occurring at any given level and time at the site of the 
spondylolysis (49). 

Surgical Success Depends on Positive SPECT Scan 

Surgery is found to relieve pain if a positive SPECT scan is pre¬ 
sent and the patient obtains relief by immobilization with a 
lumbar brace prior to surgery. Negative SPECT scan patients 
have had pain after surgery (50). 

DISC HERNIATION WITH 
SPONDYLOLISTHESIS IS UNUSUAL 

Painful lumbar disc herniation in spondylolytic spondylolisthe¬ 
sis is rare. Most people with spondylolisthesis are asymp¬ 
tomatic. When low back symptoms are present, these are 
thought to originate from segmental degeneration, instability, 
or facet joint osteoarthrosis. Radicular symptoms are consid¬ 
ered to be caused by nerve root compression or impingement 
at the pars interarticularis defect (45). 

TREATMENT OF SYMPTOMATIC 
SPONDYLOLISTHESIS 

Surgical Stabilization 

Although most people with spondylolysis are asymptomatic, 
and those with back and/or leg pain usually respond to conser¬ 
vative treatment, a small percentage of patients with in¬ 
tractable back and/or leg pain may require operative treat¬ 
ment. Anterior or posterior fusion gives good results in about 
75% of cases (51). An instrumented posterolateral arthrodesis 
in combination with a Gill procedure and a L5 nerve root de¬ 
compression results in a high rate of fusion, satisfactory clinical 
success, and a high rate of return to work (52). 

Fusion Results 

Longstanding intractable lumbar and/or radiating pain with 
spondylolysis-olisthesis (n = 31), degenerative disc disease 
and/or facet joint arthrosis (n = 23), and pain after laminec¬ 
tomy/decompression (n = 9) showed 28 of 49 preoperatively 
employed patients returned to work. No correlation was found 
between relief of pain and return to work. The clinical results 
were best in the spondylolysis-olisthesis group. Posterolateral 


lumbosacral fusion with transpedicular fixation provides a sat¬ 
isfactory clinical outcome in patients with spondylolysis- 
olisthesis, but the high incidence of complications related to the 
fixation device in the other indications studied was a serious 
drawback of the method (53). 

Unremitting symptoms after 6 months of nonoperative care 
or progression of slippage and neurologic signs indicate surgi¬ 
cal care (47). 

L4 Spondylolisthesis 

Spondylolytic lesions at the L4-L5 level arc more unstable than 
those at L5—SI level, and the iliolumbar ligament is not impli¬ 
cated as the cause of this difference, although its presence did 
ef fect the range of motion seen. Surgical stabilization should be 
considered an option with an L4-L5 lesion sooner in the course 
of treatment, whereas the L5 lesion has an anatomic advantage 
that allows more conservative treatments to be successf ul (54). 

DIAGNOSIS AND TREATMENT OF CHILDREN 
WITH SPONDYLOLISTHESIS 

Twenty-three percent of patients experiencing back pain sec¬ 
ondary to spondylolisthesis have an onset of pain before the age 
of 20, with age 2 years being the youngest child specifically 
recorded to present with back pain as the chief complaint that 
led to the diagnosis of spondylolisthesis (55). 

Spondylolisthesis is the most important cause of back pain in 
children and adolescents, and f usion is recommended even in 
asymptomatic patients if the slip exceeds 40%. In many cases 
the slip seems to progress in a short time, leading to low back 
pain, hamstring tightness, or radiating pain (56). Surgical sta¬ 
bilization of the slipped segment should be limited to the slip 
seen on the preoperative hyperextension x-ray lilm (57). 

Source of Pain in Children 
with Spondylolisthesis 

Pseudoarthrosis is the source of pain in children with spondy¬ 
lolisthesis, with secondary changes occurring in the adjacent 
discs, resulting in discogenic back pain. In an attempt to pre¬ 
vent disc degeneration at adjacent levels, the spondylolisthe¬ 
sis segment should be stabilized with the Scott wiring tech¬ 
nique (58). 

Clinical Findings in Children with Acute 
Spondylolysis Causing Low Back and 
Leg Pain 

Three children with low back pain radiating to the leg and with 
spasm of the hamstring and paravertebral muscles were re¬ 
ported (59). All three had x-ray findings of unilateral or bilat¬ 
eral spondylolysis, and localized positive bone scan pointing to 
spondylolysis as the cause of the pain. The ages of the three chil¬ 
dren were 10, 7.5, and 14 years. 
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The authors felt that the symptoms of these three cases were 
caused by referred pain from noxious stimuli affecting a branch 
of the posterior primary ramus in the facet joints, and the di¬ 
agnosis of the cases was facet syndrome. The facet joint in¬ 
volvement was explained by a communication between the de¬ 
fective area of the pars interarticularis and the facets above and 
bel ow it, as demonstrated by Ghclman and Doherty (60), and 
Maldaguc ct al. (21). Irritation of these communicating joints 
and of the richly innervated periarticular tissues may account 
for the low hack radiating pain of patients with spondylolysis. 


Healing with Bracing and 
Electrical Stimulation 

Healing of an acute spondylolysis with intermittent bracing and 
daily external electrical stimulation is reported using a molded 
plastic thoracolumbar sacral orthosis (TLSO) while out of bed 
for 6 months and during athletic activities for an additional 5 
months. Three months after starting the external electrical 
stimulation, a CT scan demonstrated progressive osseous heal¬ 
ing and the patient had minimal symptoms (71). 


Clinical Correlation with Severity of 
Spondylolisthesis Slippage 


Sarastc (38) did a 20-ycar follow-up study of 255 spondyloly¬ 
sis or spondylolisthesis patients to correlate the clinical and 
radiographic findings for their condition. Mean value of pro¬ 
gressive slippage of all cases was 4 mm; mean slippage in ado¬ 
lescents was 2.5 mm and in adults 5 mm. L4 showed a greater 
mean value of slippage, 7 mm, compared with 4 mm at L5. 

Flexion-extension radiographs in the standing position as 
compared with recumbent films showed negligible positional 
changes. I would contrast the use of flexion and extension fail¬ 
ure to demonstrate motion at the spondylolisthetic segment to 
the Fribcrg work on vertical distraction translatory motion, 
showing marked motion. I further feel that the sacral motion 
under the spondylolisthetic segment may he a far greater cause 
of the apparent motion on vertical traction than the movement 
of L5 on the sacrum or L4 on L5. 

Sarastc (38) found 20% of the spondylolytic patients had se¬ 
vere disc degeneration at the L4 and L5 spondylolysis levels 
when originally seen, but at follow-up, 50% of the L5 and 70% 
of the L4 spondylolysis groups had progressed to severe disc 
degeneration. Interestingly, over half the cases showing more 
than 25% slippage at the time of diagnosis showed severe disc 
degeneration. 

Pain is the most common symptom of spondylolysis and 
spondylolisthesis, with the peak onset of symptoms at the ado¬ 
lescent growth spurt (61—67). Most adolescents with spondy¬ 
lolysis arc symptomless, although spondylolisthesis is the most 
common cause of low back pain and sciatica in children and 
adolescents (64). 

In a study of 500 first grade students, Fredrickson et al. and 
Wiltse and Jackson (68, 69) described the natural progression 
of spondylolytic patients as follows: at age 6, the incidence of 
spondylolysis and spondylolisthesis was 4.4 and 2.6%, respec¬ 
tively; the incidence at adulthood was 5.4 and 4.0%. None of 
these children were found to he symptomatic, whereas Wiltse 
and Jackson (69) found few symptomatic children between 
ages 10 and 1 5 years with spondylolisthesis, although they felt 
that most slippage occurred between these ages. Wiltse also 
found a 5% incidence of spondylolysis in children aged 5 to 7 
years, with an increase to 5.8% by age 1 8. Most of the slippage 
occurred between ages 1 1 and 1 5, the time of growth spurt and 
vigorous exercise (65, 68, 70). 


Pars Interarticularis Fractures Heal 

Canadian Eskimos show adolescent and young adult spondylol¬ 
ysis stress fractures to heal by middle adulthood; even after 45 
years of age, the overall frequency of spondylolysis declined, 
indicating that even complete defects occasionally healed (72). 

PSEUDOSPONDYLOLISTHESIS (NO PARS 
FRACTURE PRESENT) 

Pseudospondylolisthesis is caused by degeneration, sagittal 
facets, or elongated pars interarticularis. 


DEGENERATIVE SPONDYLOLISTHESIS 
Lumbar Degenerative Spondylolisthesis 

Degenerative spondylolisthesis (DS) is the slipping of one verte¬ 
bral segment on the one below in the presence of an intact neural 
arch. It occurs secondary to facet joint arthritis and disc degen¬ 
eration (5, 73—76). DS usually affects people older than 50, be¬ 
ing more common in blacks; women are more often affected 
than men. The L4—L5 level is most often involved (5, 74, 
76—78), with L3 next in order of frequency (78). Approximately 
10 to 1 5% of patients with DS require surgery for relief of pain 
(15, 76—78). The severe pain is radicular, not relieved by con¬ 
servative therapy, and usually associated with cauda equina 
symptoms secondary to stenosis of the canal by the hypertrophic 
subluxating facet joints (5, 75—78). Twenty-five percent of 
spondylolisthesis is caused by degenerative spondylolisthesis (5). 

The cause (5, 16, 75, 76, 79), pathology (16, 77, 78, 
80—82), symptoms (75—78), and diagnosis (5, 16, 76—78) of 
DS have been discussed in the literature. 

The degenerative lesion is caused by longstanding interseg- 
mcntal instability (75, 83, 84). Farfan believes that multiple 
small compressive fractures occur in the inferior articular 
processes of the vertebra that slips forward (16). 

I n the patients who come to the doctor with clinical symp¬ 
toms, degenerative spondylolisthesis occurs six times as fre¬ 
quently in females than males, six to nine times more fre¬ 
quently at the L4 interspace than the adjoining levels, and four 
times more frequently when L5 is sacralized (78). When the le¬ 
sion is at L4, the L5 vertebra is more stable and in less lordosis 
than average. Finncson states that he has never seen DS in a pa¬ 
tient under age 40 (1 5). 
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Slipping in DS never seems to exceed 33% unless surgical 
intervention has occurred. The predisposing factor is thought 
to he a straight, stable lumbosacral joint that sits high between 
the ilia. This arrangement puts increased stress on the j oints be¬ 
tween L4and L5, leading to decompensation of the ligaments, 
hypermobility and degeneration at the articular processes, and 
multiple microfractures of the inferior articular processes of 
L4, allowing forward slipping (78). 

Finncson (15) states that the appropriate treatment is symp¬ 
tomatic therapy, with surgery used only for patients with severe 
pain. Most patients have little or no neurologic deficit, but a few 
have severe changes. The myelogram is characteristically dra¬ 
matically abnormal. Circulatory change in the legs is not part of 
the syndrome. It is the L5 nerve root that is compressed in an 
L4—L5 olisthesis. The nerve is compressed between the inferior 
articular process of L4 and the upper margin of the body of L5. 

Many structures can be stressed and irritated in DS. In dis¬ 
cussing pain mechanisms in DS, it is well to remember the in¬ 
nervation of the facet joints (85—91), intervertebral disc (16, 
87, 90—103), posterior longitudinal ligament (16, 87, 93, 96, 
99, 101, 104), anterior longitudinal ligament (87, 91,93, 96, 
99, 104), dura mater (91,93, 96, 104, 105), and vertebral pe¬ 
riosteum and bone (87, 91,96, 104). It is not well understood 
just how the pain in spinal stenosis caused by DS is produced. 
Probably the best explanation is that the nerves are denied ad¬ 
equate nourishment because of pressure on the tiny blood ves¬ 
sels that supply them (106, 107). The perineurium of the spinal 
nerves themselves is richly supplied with tiny nerve fibers. Per¬ 
haps ischemia of these causes the pain (108). 

Naked endings of the sinuvcrtebral nerve have been identi¬ 
fied in the granulation tissue ingrowth of reparative healing in 
the anulus fibrosus (102). Pain receptors may be there, which 
would explain discogenic pain in the absence of herniation. 


Certainly tearing of disc fibers occurs in DS. Soutcr and Taylor 
(109) state that branches of the sinuvertebral nerve supply the 
outer layer of the anulus fibrosus, most of the terminations be¬ 
ing naked nerve endings, probably mediating pain sensation. 
They also found fine nerve fibers in the granulation tissue in the 
deeper layers of the anulus fibrosus of a degenerative disc. 

Bogduk (93) states that lumbar IVDs are innervated poste¬ 
riorly by the sinuvertebral nerve, and both lateral and anterior 
aspects of the anulus fibrosus and the anterior longitudinal lig¬ 
ament are innervated by a scries of nerves derived from the 
ventral rami and the sympathetic nervous system. The poste¬ 
rior lateral aspect of each IVD receives branches from the ven¬ 
tral ramus at each level and/or the terminal portion of the gray 
ramus communicans. The lateral aspects of the IVD receive as¬ 
cending or descending branches from the gray rami communi- 
cantes, which reach the anuli fibrosi by passing between and 
then deep to the attachments of the psoas major. Three recent 
studies (93, 102, 103) corroborated earlier reports of nerve 
fibers as far as a third of the way into cadaveric anuli fibrosi, and 
nerve endings as deeply as halfway into anuli fibrosi obtained 
during posterior and anterior fusion operations. 

Degenerative spondylolisthesis causes stenosis at the verte¬ 
bral canal because of compensatory hypertrophy and sclerosis 
of the superior facets, which consequently encroach on the lat¬ 
eral recesses, causing an hourglass deformity seen on myelog¬ 
raphy (105, 110). Anterior slippage of this superior vertebra 
compresses the dural sac between its anteriorly migrated infe¬ 
rior facets and the superior border of the lower vertebra (Figs. 
14.27 and 14.28). The slippage has a natural tendency to in¬ 
crease (11 1), but the severity of symptoms cannot always be 
correlated with the severity of the slip because a severe slip may 
occur without marked degenerative change, and vice versa. 
Backache of several years duration, most commonly increased 



Figure 14.27. Degenerative spondy¬ 
lolisthesis, L4-L5. Sagittal reformations 
reveal 8 mm forward subluxation of L4 
on L5. The diameter of the spinal canal is 
reduced to 8 mm. This is measured from 
the posterior lip of the superior end plate 
of L5 to the undersurface of the L4 lam¬ 
ina. (Reprinted with permission of 
Steven Rothman, Ml). Rothman SLG, 
Glenn WV. Multiplanar CT ofthe Spine. 
Rockville, MD: Aspen, 1985:235.) 
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Figure 14.28. Lateral recess stenosis. Top four panels, bone win¬ 
dow axial scans demonstrate lateral recess stenosis at the level of a pars 
intcrarticularis delect (arrow). Bottom four panels, soft-tissue axial 
view on the same patient. (Reprinted with permission of Steven Roth¬ 
man, MI). Rothman SLG, Glenn WV. Multiplanar CT of the Spine. 
Rockville, MD: Aspen, 1985:234.) 


by exercise or by getting up from bed rest, is common. Sciatic 
pain usually follows months or years or back pain. Weakness 
and numbness of the legs as well as absent ankle reflexes may 
be seen in 1)S. 

Nerve entrapment, the most important feature of DS, can 
occur in any of four ways (104): (a) pressure on the L4 nerve 
at the foramen by osteophytes arising from the posteroinferior 
surface of the vertebral body of L4; ( b ) pressure on the L5 nerve 
from posterior displacement of L5 on L4, forming a bony ridge 
in the region of the lateral recess; (c) pressure on the L5 nerve 
root in a narrow lateral recess at the lower border of the L5 ver¬ 
tebra; or (J) pressure on the L5 nerve by the anteriorly inferior 
articular process of L4. 

Treatment of 1)S should be conservative as long as the pain 
is tolerable (108, 112), as only rarely do patients with lumbar 
spine stenosis have neurologic changes that in themselves war¬ 
rant surgery. 

FACET ROLE IN DEGENERATIVE 
SPONDYLOLISTHESIS 

Facet orientation plays a significant role in the advancing slip¬ 
page in 1)S. Sagittally oriented facets offer less bony resis¬ 


tance to the forward and downward force of the L5 vertebral 
body than do oblique or coronally faced facet joints (Fig. 
14.29). Facet tropism is extremely common in these pa¬ 
tients, and it is likely an important predisposing factor lead¬ 
ing to dislocation (75). 

Facet joint arthrosis (severe erosion and degeneration) is a 
hallmark of spondylolisthesis with intact neural arches (DS) 
(43). These changes are seen in Figure 14.30. The joint space 
seems unusually widened because of severe erosion of the ar¬ 
ticular surfaces. 

SUBLUXATION AT THE LEVEL 
OF SPONDYLOLISTHESIS 

The most severe clinical symptoms of spondylolisthesis can oc¬ 
cur when unrestricted anterior dislocation of the inf erior facet 
of the upper vertebral body occurs beyond the confines of the 
anterior limb of the superior facet. This can occur bilaterally, 
causing forward dislocation, or unilaterally, causing rotatory or 
lateral subluxation (Fig. 14.3 1). 

REVERSE SPONDYLOLISTHESIS 
(RETROLISTHESIS) 

Reverse spondylolisthesis (retrolisthesis) is an instability oc¬ 
curring at usually the L3—L4 and L4- L5 levels because of disc 
degeneration (disc narrowing, spur formation, sclerosis, end 
plate erosion, and facet joint laxity). Foraminal stenosis is an 
important feature because of upward displacement of the su¬ 
perior facet of the lower vertebra into the neural foramen. Fig¬ 
ure 14.32 reveals retrolisthesis above a spondylolisthesis sub¬ 
luxation. 

CASE PRESENTATIONS OF DEGENERATIVE 
SPONDYLOLISTHESIS FROM THE 
AUTHOR'S CLINIC 

Advancing Degenerative Spondylolisthesis 

Case 3 

Figures 14.33 through 14.37 are studies of a 52-year-old woman 
who developed low back pain and ulcerative colitis in 1982. She 
required a colon resection in 1983. The progressive nature of her 
degenerative spondylolisthesis is unusually revealed by progres¬ 
sive x-ray studies. Figure 14.33 is a neutral lateral radiograph 
taken in 1982, which does not show disc degeneration or 
spondylolisthesis at L4. Figure 14.34, taken in 1984, does show 
disc degeneration of the L4-L5 disc, with anterior subluxation of 
L4 on L5 by about 8 mm. Figure 14.35, made in 1987, shows ad¬ 
vanced degenerative changes of the L4-L5 disc, with total loss of 
disc space and permanent stabilization of L4 on L5. Figures 14.36 
and 14.37 are the axial and sagittal reformation showing the ex¬ 
tensive L4-L5 discal degeneration and the L4 pseudospondylolis¬ 
thesis. Note the rotatory subluxation of the inferior facets with 
narrowing of the lateral recesses and sagittal diameter of the ver¬ 
tebral canal. 
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Figure 14.29. Degenerative spondylolisthesis, L4-L5. Axial views demonstrate sagittally oriented facets 
that have dislocated. Cartilaginous surf aces are irregular and eroded. (Reprinted with permission of Steven 
Rothman, MD. Rothman SLG, Glenn WV. Multiplanar CT of the Spine. Rockville, MD: Aspen, 1985:235.) 



Figure 14.30. Arthropathy in degenerative spondylolisthesis. A. Ax¬ 
ial scan demonstrates severe erosive arthritis of the f acet joints, especially 
on the left. Cartilage erosion is present, and the joint space is widened. 
B, C. Sagittal and coronal views similarly show a widening of the joint, 
with destruction of the articular surf aces (arrow's). (Reprinted with per¬ 
mission of Steven Rothman, MD. Rothman SLG, Glenn WV. Multipla¬ 
nar CT of the Spine. Rockville, MD: Aspen, 1985:241.) 



Figure 14.31. Lateral subluxation. A. Axial scans windowed for 
hone. B. Soft tissue scan reveals coronally oriented facets. Considerable 
lateral subluxation is seen of the facets, causing prominent compression 
of the left lateral recess. The space available for the theca and cauda 
equina is remarkably reduced. (Reprinted with permission of Steven 
Rothman, MD. Rothman SLG, Glenn WV. Multiplanar CT of the Spine. 
Rockville, MD: Aspen, 1985:247.) 
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Figure 14.32. Rctrolisthesis above spondylolisthesis. A series of sagit¬ 
tal reformations reveals a 9-mm forward spondylolisthesis of L5 on the 
sacrum and 9-mm retrolisthesis of L4 on L5. Note only minimal com¬ 
pression of the spinal canal is evident in this patient. (Reprinted with per¬ 
mission of Steven Rothman, MD. Rothman SLG, Glenn WV. Multipla- 
nar CT of the Spine. Rockville, MD: Aspen, 1985:2 51.) 




Figure 14.35. Repeat lateral radiograph of the spine seen in Figures 
14.33 and 14.34 shows advanced degenerative disc disease at L5—SI, 
with total loss of the disc space and extreme hyperostosis of the oppos¬ 
ing vertebral body plates of L4 and L5. 


Figure 14.33. A neutral lateral lumbar spine radiograph taken in 1982 
shows normal hone, disc, and soft tissue at all levels. 



Figure 14.34. Repeat lateral radiograph taken in 1984 reveals degen¬ 
erative disc disease at L4-L5, with degenerative spondylolisthesis of L4 
on L5. 



Figure 14.36. Axial computed tomography scan at the L4-L5 disc 
level reveals osteochondrosis vacuum phenomenon of the disc ( straight 
arrows ) as well as facet degeneration. The lateral recesses are narrowed, 
with rotosubluxation of the vertebral arch and the anterior rotation of the 
right inferior facet (curved arrow). 
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Figure 14.37. Sagittal reformatting shows the degenerative spondy¬ 
lolisthesis of L4 on L5 with the marked hone hyperostosis of the oppos¬ 
ing hone plates (straight arrows). Note the stenosis at the vertebral canal 
between the posterior superior L4 vertebral body arch (curved arrow). 



Figure 14.38. Lateral projection shows anterior displacement of L4 
on L5, with traction spurring of the anterior lateral body plates of L3, L4, 
and L5. 


Stable Pseudospondylolisthesis of L4 on L5 

Case 4 

A 60-year-old man was seen complaining of low back and bilat¬ 
eral leg pain, which was worse following walking. No pain was 
experienced on sleeping or sitting, except that when he stood af¬ 
ter sitting he again felt the discomfort in the legs. Doppler exam¬ 


ination of the lower extremities revealed no evidence of vascular 
claudication. 

Figure 14.38 is the lateral radiograph of this patient, which re¬ 
veals an anterolisthesis of L4 on L5. This is a degenerative spondy¬ 
lolisthesis of L4 on L5. Note the marked loss of the L5-S1 disc space 
with nuclear invagination of the L5 disc into the inferior plate of 
L5. Marked anterolateral hypertrophic changes are seen at the 
L3-L4, L4-L5, and L5-S1 levels. Seen is a left lean of the lumbar 
spine with a levorotation subluxation of the L3-L5 segments. 

Figure 14.39, a lateral projection with Eisentein's measure¬ 
ments made, does show that this patient has stenosis at the L5 
level. Remember that any time the sagittal diameter of the verte¬ 
bral canal is less than 12 mm, stenosis is present, and 12 to 15 
mm is an impending stenosis. Also note the 4:1 ratio of the 41- 
mm vertebral body sagittal diameter to the 10-mm vertebral 
canal sagittal diameter. 

Figures 14.40 and 14.41 are the flexion and extension studies 
in this case. Note that flexion (Fig. 14.40) shows a 2-mm anterior 
translation of the L4 vertebral body on L5, whereas extension re¬ 
veals a 0.5-mm posterior translation of L4 on L5 compared with 
the neutrolateral view. We feel that 3 mm of movement is within 
stability at a disc level, so that this L4-L5 disc was not markedly 
unstable at the time. 

Treatment of this case consisted of distraction manipulation 
with a small Dutchman pillow under the L4 vertebral body while 
contact was made on the L3 spinous process to allow flexion 
distraction to be applied. This patient was placed on knee-chest 
exercises, a strong course of hamstring stretching, abdominal 
strengthening exercises, and gluteus maximus strengthening 
exercises as well. Treatment resulted in a slow, yet progressive, 
relief of the patient's symptoms until, after approximately 
6 weeks of care, he was approximately 75% relieved of his 
problem. 



Figure 14.39. Eisenstein’s measurement For stenosis reveals a 10-mm 
vertebral canal at the L5 level, with a 4:1 ratio of the vertebral body to 
the canal sagittal diameter. 
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Figure 14.40. Flexion radiograph patient seen in Figure 14.38 shows 
only 2 mm of motion of L4 on L5, indicating stability of the functional 
spinal segments. 



Figure 14.41. Extension reveals only 0.5 mm of motion of L4 on 1.5. 


Tandem Lumbar and Cervical 
Spinal Stenosis 

The triad of intermittent neurogenic claudication, progressive 
gait disturbance, and the findings of mixed myelopathy and 
polyradiculopathy in both the upper and lower extremities is 
the symptom complex of mixed cervical and lumbar spondy- 
lotic degeneration resulting in stenosis (1 13). Nineteen such 
patients were operated on for relief of symptoms, and none of 
them showed prognostically significant sphincter disturbance, 


radiculopathy, myelopathy, cerebrospinal fluid analysis, or 
electrophysiologic testing results. 

Except for the intermittent claudication, the clinical pre¬ 
sentation of tandem spinal stenosis is similar to that of classic 
cervical spondylotic myelopathy (107, 114—116). The insi¬ 
dious onset and the duration of symptoms are comparable. 
Although the prominence of radicular pain, spasticity, and 
sphincter disturbance is relatively diminished in tandem spinal 
stenosis, the extent of posterior column dysfunction is virtu¬ 
ally identical. As with spondylotic myelopathy, tandem steno¬ 
sis appears to be a diffuse rather than a segmental condition 
(117, 118). 

Most patients with tandem stenosis complain of “numb, 
clumsy legs,” analogous to the feelings reported with high cer¬ 
vical spine lesions. Also seen arc complex gait disturbances 
caused by proprioceptive disturbance, lower extremity weak¬ 
ness, unbalanced stooped posture adopted to relieve the back 
and lower extremity pain, and compensatory hyperextension 
of the neck in order to see (1 1 3). 


Tandem Spinal Stenosis 

Case 5 

The following is a study of tandem lumbar and cervical stenosis 
from the author's practice. Figure 14.42 shows a neutral lateral 
projection of a 64-year-old woman with gait disturbance, muscle 
weakness of the lower extremities, reduced ankle and patellar re¬ 
flexes, pain into the lower extremities of a nonspecific der¬ 
matome nature, and equilibrium disturbance. L4 shows a degen¬ 
erative spondylolisthesis on L5. Figure 14.43, a flexion study, 
reveals the instability of the lesion as evidenced by the marked an¬ 
terior translational subluxation of L4. Figure 14.44, taken in ex¬ 
tension, shows marked posterior translation. Figure 14.45 reveals 
a degenerative spondylolisthesis of C7 on T1. Also note the 
kyphotic curvature at the C4, C5, and C6 levels. Spondylolisthe¬ 
sis at both the L4 and C7 levels can inflict stenosis on the canal 
and its spinal contents. 


Myelographic Finding in 
Degenerative Spondylolisthesis 

Case 6 

A 52-year-old woman complained of low back pain radiating into 
the right lower extremity for approximately the past 2 years. She 
sought consultation from a surgeon, and surgery was recom¬ 
mended to her. 

Figure 14.46, a posteroanterior myelogram, reveals a filling 
defect posterior to the L4-L5 disc space, which represents the 
traction deformity at the pseudospondylolisthesis dye-filled 
subarachnoid space. Treatment of this patient consisted of dis¬ 
traction manipulation with a small flexion pillow placed under 
the L4 vertebral segment. The contact hand was placed on the 
spinous process of L3 while gentle flexion distraction was ap¬ 
plied. This resulted in a slow but progressive relief of the pa¬ 
tient's low back and right leg pain, and during this time she at¬ 
tended low back wellness school, where she was taught how 
to bend and lift in daily living to minimize stress to this low 
back. The treatment resulted in approximately 75% relief of her 
symptoms. 
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Figure 14.42. Neutral lateral projection of a 64-ycar-old woman with 
signs of stenosis of the lumbar canal shows degenerative spondylolisthe¬ 
sis of L4 on L5 (arrow ). 


Figure 14.43. Flexion study of patient in Figure 14.42 shows marked 
instability of the L4^L5 disc, as evidenced by the greatly increased trans¬ 
lation of the L4 vertebral body on L5 (arrow ). 



Figure 14.44. Extension shows several millimeters of posterior trans¬ 
lation of L4, indicating marked instability. 



Figure 14.45. Neutral lateral cervical spine radiograph shows C7 to 
be in degenerative spondylolisthesis on TI (arrow ). Kyphosis of the sagit¬ 
tal cervical curve is also evident. 
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Typical Case of Degenerative 
Spondylolisthesis 

Case 7 

A 42-year-old man was seen for low back and buttock pain. Fig¬ 
ure 14.47 reveals a degenerative spondylolisthesis of L4 on 
L5. Figure 14.48 is an anteroposterior view that reveals a 
suggestion of tropism at the L5-S1 level, with the right being 
sagittal and the left coronal. The facets at the remaining lum¬ 
bar segments are sagittally oriented throughout. The oblique 
views show degenerative arthrosis at the L4-L5 and L5-S1 facet 
joints. 

This is a good example of a patient who has vague low back 
and buttock pain, but no pain into the lower extremities. It is to 
be remembered that degenerative spondylolisthesis can often 
create muscle weakness and even diminished ankle jerks in the 
lower extremities. This patient responded well to flexion distrac¬ 
tion with a small Dutchman roll placed under the L4 vertebral 
body while flexion distraction was applied with the contact hand 
on the L3 spinous process. Both the clinicians and the patient 
were satisfied with an approximately 75% relief of pain. As 
usual, this patient had short hamstring muscles, which is com¬ 
monly seen in degenerative spondylolisthesis. The appropriate 
proprioceptive neuromuscular facilitation was used in stretching 
these hamstrings. The patient was given knee-chest exercise and 
abdominal strengthening exercises; he attended low back well¬ 
ness school. 


Figure 14.46. Posteroanterior myelographic study reveals narrowing 
of the dye-iilled subarachnoid space at the level (arrow). 



Figure 14.48. Anteroposterior view shows that tropism is suggested 
Figure 14.47. Neutral lateral view of a 42-year-old man with low at L5—SI, with sagittal facet facings on the right (straight arrow) and coro- 

back and buttock pain reveals an anterolisthesis of L4 on L5 (arrow). nal on the left (curved arrow). 
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Pseudosacralization with 
Pseudospondylolisthesis 

Case 8 

Degenerative spondylolisthesis at L4 is much more common in fe¬ 
males than males. However, this case involves a 74-year-old mar¬ 
ried man who has low back and occasional bilateral leg pain, 
which was aggravated on ambulation. Figure 14.49 reveals the 
DS is approximately 10% of L4 on L5. Note the transitional seg¬ 
ment at L5, realizing that pseudospondylolisthesis occurs four 



Figure 14.49. Lateral projection shows a 10% slippage of L4 on L5. 



Figure 14.50. Anteroposterior study of patient in Figure 14.49 shows 
a right pseudosacralization of L5 (arrow). Here is a good example of a 
transitional fif th lumbar segment with degenerative spondylolisthesis of 
L4 on L5. 


times more frequently with transitional segment (75) (Fig. 14.50). 
Treatment of this patient consisted of flexion distraction over a 
small flexion roll. The response of the patient was dramatic in that 
his low back pain eased, and he was able to walk without the dis¬ 
comfort previously encountered. 

UNCOMMON VARIETIES OF 
SPONDYLOLISTHESIS 

Traumatic 

Traumatic spondylolisthesis is a fracture of any part of the ver¬ 
tebral arch other than the pars that allows forward displace¬ 
ment to occur. This type of spondylolisthesis is rare. 

Pathologic 

If the bony hook mechanism (articular facet, pedicle, pars) fails 
to hold the body of the articulation in place because of local or 
generalized hone disease, pathologic spondylolisthesis can oc¬ 
cur. Because pathologic spondylolisthesis is rare, only one vari¬ 
ant, spondylolisthesis adquista, is mentioned here. In this type, 
a fatigue fracture of the pars occurs at the upper end of a lum¬ 
bar surgical fusion that allows forward slipping. 

NONSURGICAL TREATMENT OF 
DEGENERATIVE SPONDYLOLISTHESIS 

Distraction adjusting for degenerative spondylolisthesis is dis¬ 
cussed later in this chapter. The following case presentations of 
DS are given. 

Case 9 

Figure 14.51 reveals 10% DS subluxation of L4 on L5 with de¬ 
generation of the L5-S1 intervertebral disc. The axial CT image 
(Fig. 14.52) reveals the broad-based pseudodisc of spondylolis¬ 
thesis, which in this case is seen to contact the thecal sac {arrow). 
Note the anterolateral bone plate hypertrophy, indicative of the 
longstanding degenerative disc disease. Also note degeneration 
of the posterior facet joint and sacroiliac joint on the left side ( ar¬ 
rowheads ]). 

This 83-year-old man suffered from extreme low back and ra¬ 
diating nondermatomal pain of both lower extremities. Distrac¬ 
tion manipulation was of minimal benefit to this patient. 

Figure 14.53 reveals a more pressing problem for this man, 
namely an aortic aneurysm. 

Instability of an L4 Spondylolisthesis 
Segment 

Case 10 

A 68-year-old man with low back and right leg pain and numb¬ 
ness extending through the first sacral dermatome was seen. 
Night pain disturbed his sleep. He sought care from his medical 
doctor who gave him exercises that made him worse. He was on 
medication for hypertension. 

Lumbar spine ranges of motion are 60° flexion, 10° extension, 
10° bilaterally for lateral flexion, and 20° of bilateral rotation. The 
sitting SLR sign was positive for both low back and leg pain. The 
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Figure 14.51. L4 degenerative spondylolisthesis of 10% on L5 is 
noted. 







Figure 14.52. Axial computed tomography scan reveals the broad- 
based pseudodisc of spondylolisthesis (arrows). Note the anterolateral hy¬ 
pertrophic end plate changes of periosteal reaction to discal degeneration. 
The facet joint shows degenerative changes ( arrowhead ) as well as hone fu¬ 
sion caused by degenerative change of the sacroiliac joint ( arrowhead ). 


patient could toe and heel walk normally; however, the right ham¬ 
string muscle was grade 4 of 5 strength compared with the left. 
The SLR on the right was restricted to 75°, creating both low back 
and leg pain. The deep tendon reflexes at the ankle and knee were 
bilaterally +2. Hypesthesia of the right L5 and SI dermatomes 
was noted. Circulation of the lower extremities appeared normal. 

Anteroposterior and lateral radiographic examination revealed 
L5 bilateral transverse process spatulization with bilateral true fu¬ 



Figure 14.53. Note the aortic aneurysm (arrow) in the patient shown 
in Figures 14.51 and 14.52. 



Figure 14.54. Bilateral sacralization of the L5 transverse processes is 
noted. 


sion to the sacrum (Fig. 14.54) and L4 was approximately 11 mm 
anteriorly slipped on L5 (Fig. 14.55). 

Vertical suspension study revealed the L4 anterior translation 
subluxation to reduce to 8 mm, representing a 3-mm transla¬ 
tional motion from the 11-mm anterior slippage seen on stand¬ 
ing neutral study. 

Diagnosis was degenerative spondylolisthesis of 11 mm on 
neutral lateral and 8 mm on vertical suspension, representing in¬ 
stability. The combination of disc degeneration above a transi¬ 
tional segment is termed "Bertolotti's syndrome” (see Chapter 6, 
Transitional Segment) and in this case degenerative spondylolis¬ 
thesis accompanies it. 






Chapter 14 Spondylolisthesis 643 


Treatment 

Distraction manipulation is applied to the lumbar spine with a 
small flexion pillow under the L4 vertebral body, and a spinous 
process contact on the L3 segment, while three 20-second de¬ 
tractive sessions are applied using the protocol of five 4-second 
pumps of the L3 spinous process during each 20 seconds. This 
is the protocol described in Chapter 9 for sciatica patients with 
herniated discs, and this patient with sciatica caused by DS 
stenosis required this approach. The adjustment was followed 
by positive galvanism into the L4-L5 disc space and right but¬ 
tock region over the sacrotuberous ligament where the sciatic 
nerve passes through the pelvis. Tetanizing current was then ap¬ 
plied to the paravertebral muscles and right hamstring muscle. 

Home instructions of knee—chest exercise, hamstring 
stretching, and abdominal strengthening were given. The pa¬ 
tient was instructed to take glycosaminoglycan (600 mg per 
day). A lumbar brace was placed on the patient’s lumbar spine 
to stabilize the unstable L4 segment. The result was excellent 
relief of the patient’s pain. 


Surgical Fusion for 
Degenerative Spondylolisthesis 

Pedicle fixation and fusion along with surgical decompression 
of degenerative spondylolisthesis is required because a signifi¬ 
cant percentage of patients have the potential to progress their 
listhesis slippage and clinical symptoms (119). 



Figure 14.55. The rudimentary L5—SI disc is noted with an 1 1-mm 
slip of L4 on L5 and marked disc degeneration of the L4-L5. This is 
Bertolotti’s syndrome with degenerative spondylolisthesis of L4. 


SAGITTAL FACET ORIENTATION EFFECT ON 
DEGENERATIVE SPONDYLOLISTHESIS 

Sagittal facet joint orientation is seen at L4—L5 significantly of¬ 
ten to support the hypothesis it predisposes patients to develop 
pseudospondylolisthesis (1 20). It also predisposes to postoper¬ 
ative spondylolisthesis, regardless of a preoperative diagnosis of 
DS or spinal stenosis (121). 

ELONGATED PARS INTERARTICULARIS 
CAUSES PSEUDOSPONDYLOLISTHESIS 

An intact but elongated pars interarticularis is seen in about a 
third of symptomatic children and adolescents with spondy¬ 
lolisthesis. This condition is known as “dysplastic spondylolis¬ 
thesis,” lumbosacral subluxation, or isthmic subtype B spondy¬ 
lolisthesis. The facets of the fifth lumbar vertebrae appear to 
subluxate on the facets of the first sacral vertebrae. As the slip 
progresses, the pars interarticularis becomes attenuated and 
elongated along with the pedicles. If the slip progresses beyond 
2 5% and the neural arches remain intact, pressure on the cauda 
equina is likely. Children and adolescents may require surgical 
fusion as would adults with root compression symptoms (122). 


TREATMENT OF ATHLETES WITH 
SPONDYLOLYSIS OR SPONDYLOLISTHESIS 

Athletic Incidence of Spondylolisthesis 

Competitive weight lifters seem to develop stress fractures of 
the pars interarticularis, unaccompanied by spondylolisthesis 
(12 3). It was felt that the hyperextension involved with lifting 
in such maneuvers as “clean and jerk” and “the snatch” in 
Olympic lifting and “the squat” and “the dead lift” in power lift¬ 
ing caused the pars interarticularis fracture. The suggestion was 
made that weight training by physically immature athletes 
should be done, in most instances, in the sitting position and 
avoid squats and overhead lifts. 

A study found 1 9 of 145 freshman football players who were 
radiographed to have spondylolysis (13.1%). This study con¬ 
cluded that most affected players entered college with previ¬ 
ously acquired spondylolysis, which seemed to indicate that 
their problem arose in the adolescent years during athletics or 
other stress situations. Linemen were felt to be more suscepti¬ 
ble to development of this defect (1 24). 

The intensity and repetitive nature of athletic training cre¬ 
ate situations involving a jerking motion, which is the most 
probable mechanism causing the fracture (27). 

Semon and Spengler (20) found that spondylolysis was not 
a predisposing factor in low back pain in a study of college foot¬ 
ball players. Thus, it is questionable whether spondylolysis or 
spondylolisthesis is a cause of back pain. 

Eighty-two athletes with spondylolysis or spondylolisthesis 
of the lumbar spine were treated with restriction of activity, 
bracing, and physical therapy. Of the 62 patients with spondyl¬ 
olysis, 84% had excellent results. Twenty patients had spon- 
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dylolisthesis with 12 patients (60%) requiring surgery. Indica¬ 
tions for operative intervention include unremitting symptoms 
despite 6 months of nonoperative management, spondylolis¬ 
thesis progression, or neurologic deficit (125). 

CONSERVATIVE TREATMENT 

From Chapter 9, follow the protocol for the treatment of 
spondylolisthesis, both true and false types, as outlined and 
shown in Figure 9.46 for the treatment of the patient with or 
without sciatic radiculopathy. Side lying range of motion ad¬ 
justment is shown in Figure 9.36 for flexion, Figure 9.38 for 
lateral flexion, and Figure 9.39 for circumduction in patients in 
too much pain to lie on the abdomen. 

Further Technique and 
Treatment Description 

The paravertebral muscles can then he treated with physical 
modalities if needed. These modalities might well include pos¬ 
itive galvanism to reduce inflammation and sedate irritated tis¬ 
sues or sinusoidal currents to return normal tone to the mus¬ 
culature (Figs. 14.56 and 14.57). 



Figure 14.56. Application of positive galvanism or tetanizing current. 



Figure 14.57. Cryotherapy is added to relieve inflammatory effects of 
low hack pain. 



Figure 14.58. A lumbosacral support is worn in unstable spondylolis¬ 
thesis cases. 



Figure 14.59. Proprioceptive neuromuscular facilitation is used to 
stretch the hamstring muscles in spondylolisthesis cases. 


A belt support can he worn if the patient is in acute pain, hut 
this is only a temporary measure (Fig. 14.58). Exercises for the 
spondylolisthesis patient are extremely important. We most 
often use the first three Cox exercises in the treatment of 
spondylolisthesis. Hamstring stretching exercises (Fig. 14.59) 
are important to regaining normal lumbopelvic rhythm. 

In a study of 47 patients with symptomatic hack pain sec¬ 
ondary to spondylolisthesis who were treated with flexion and 
extension exercises of the lumbar spine, it was found that pa¬ 
tients treated with flexion type exercises were less likely to re¬ 
quire hack supports, require modification of their jobs, or limit 
their activities because of pain (126). Eighty-two percent of 
those who underwent flexion exercises stated that they had less 
pain, whereas 37% of those who did only extension exercises 
stated that they had less pain. The flexion group was found to 
have less pain, less need to modify their work, less need for 
continued use of bracing, and a greater chance of recovery. The 
type of spondylolisthesis had no effect on the response to flex¬ 
ion exercises. 
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Figure 14.60. A. Photograph showing a decrease in lumbar lordosis 
while the subject is lying supine with the knees bent. B. Radiograph of 
spinal column while the subject is lying supine with the knees bent and is 
performing the pelvic-tilting exercise. (Reprinted with permission from 
Gramse RR, Sinaki M, Ilstrup DM. Lumbar spondylolisthesis—a ratio¬ 
nal approach to conservative treatment. Mayo Clinic Proc 1980; 
55:681-686.) 


Figures 14.60 and 14.61 reveal the effects of flexion exer¬ 
cises on the lumbar spine in a patient performing abdominal 
strengthening exercises. Note that extension exercises are to 
he avoided in spondylolysis and spondylolisthesis, as they have 
been shown to increase the pain not only in gymnasts hut also 
in the general public. 

Effectiveness of Spinal Adjustment 
for Spondylolisthesis 

The effectiveness of spinal manipulation therapy for low hack 
pain was compared in two groups of patients: 25 patients with 
lumbar spondylolisthesis and 260 patients without spondylolis¬ 
thesis. The result of manipulative treatment was not signifi¬ 
cantly different in those patients with or without lumbar 
spondylolisthesis (1 27). The authors of this study chose to ma¬ 
nipulate the level of the spine above or below the demonstrated 
level of spondylolisthesis. They found that 80% of the spondy¬ 
lolisthesis group had a good result with manipulation, versus 
77% in the overall study. They concluded that spondylolisthe¬ 
sis does not contraindicate spinal manipulation, and in fact ma¬ 
nipulation is an appropriate treatment for this condition. 


RESULTS OF TREATMENT 

Analysis of the Results of 
Chiropractic Treatment 

Using the “time-honored” specific side posture techniques, 10 
cases of“olisthesis” (3 males, 7 females) achieved the following 
results: 4 of the 10 (40%) showed excellent, good, or fair re¬ 
sults and 6 of the 1 0 (60%) either showed no change or, un¬ 
fortunately, were made worse. 

Since learning the Cox lumbar flexion distraction technique, 
a more favorable outcome can he reported in 1 5 cases of olis- 
thesisand 1 case of “oloptosis”: 86.6% showed a favorable out¬ 
come (excellent, good, or fair results) and only 1 3.4% showed 
poor outcome. 

Patient ages ranged from 20 years (8 years since onset of 
symptoms) to 62 years (30 years since onset of symptoms). Of 
these 15,4 were men and 1 1 were women. The sex or age of 
the patient did not af fect the results. 

In only two cases could any measurable diff erence he de¬ 
tected in the olisthetic movement following treatment and that 
was only a 3% and a 5% improvement in position. In all of the 
other cases, no measurable difference was seen. In the one case 
of oloptosis, no detectable change of position occurred. 

The procedure used was mild lumbar flexion distraction 
with the use of a Dutchman roll under the abdomen. After dis¬ 
traction, any severe lateral misalignment of adjacent bony 



Figure 14.61. A. Photograph of the subject performing abdominal 
strengthening exercise. B. Radiograph of spinal column while the subject 
perffirms abdominal strengthening exercise. (Reprinted with permission 
from Gramse RR, Sinaki M, Ilstrup DM. Lumbar spondylolisthesis—a 
rational approach to conservative treatment. Mayo Clin Proc 
1980;55:681-686.) 





646 Low Back Pain 


structures was specifically corrected (as much as possible) by a 
mild side posture technique. The patient was then instructed in 
a simple exercise to do at home to loosen the hamstring mus¬ 
cles. 

The patient was then placed in a supine position with both 
the hips and the knees flexed at 90°, with the calf of the leg sup¬ 
ported in that position. While in this position the patient was 
given a 20- to 30-minute period of very mild shortwave 
diathermy, with one pad under the cervical area and the other 
under the lumbar area. Only one patient required the use of an 
orthopedic lumbar restraint, which was used more for abdom¬ 
inal support than for lumbar support (128). 

To conclude this chapter, two more cases arc presented. 
The first case was referred to me by Jerry Wright, DC, who 
co-managed the case with me. 

Case 11 

A 41 -year-old teacher was twisting sideways while restraining an 
unruly student, which caused low back pain, and a week later 
bent over and felt low back pain and right leg pain. She sought 
medical care, underwent diagnostic imaging with MRI, CT, myel¬ 
ography, and bone scanning, which were all read as negative. 

At the time, the patient was depressed over not being given 
time off work because of her pain; she abused alcohol and at¬ 
tempted suicide because of depression. During hospitalization, 
epidural steroid injections were given; drug therapy and 2.5 
months of diagnostic testing ensued. Finally, her neurosurgeon 
referred her to Dr. Wright. At that time she had right lower ex¬ 
tremity pain radiating primarily to the right great toe and to a 



Figure 14.62. Neutral lateral view shows a 10% anterior slip of L3 on 
L4 with discogenic spondylosis changes at L3—L4. Observe the pars in- 
terarticularis for possible defect. 



Figure 14.63. Vertical suspension is shown here revealing slight mo¬ 
tion posterior of L3 on L4. 


lesser extent to the remaining four toes, abdominal pain, and a 
feeling of difficulty urinating. 

The patient was referred to me. Atrophy of the right gluteus 
maximus muscle was noted and dorsi and plantar flexion motor 
strength of the right foot was grade 4/5. The leg was swollen and 
varicose veins were prominent. Sensory examination showed hy- 
pesthesia of the right L5 and SI dermatomes. 

Radiographic examination (Fig. 14.62) is a neutral upright x- 
ray film showing L3-L4 degenerative disc disease with a 10% an¬ 
terior slippage of L3 on L4. Note that a defect of the pars inter- 
articularis is not evident without hindsight. Figure 14.63 is a 
vertical suspension study and Figure 14.64 is extension study, 
both showing little suggestion of the pars defect. Figure 14.65 
shows flexion study, and the pars interarticularis is seen to sepa¬ 
rate (arrow), creating patient symptoms. Figure 14.66 is the sagit¬ 
tal MRI showing the anterior subluxation of L3 and the decreased 
signal intensity of the L3-L4 disc, indicating internal disc disrup¬ 
tion and degeneration. Also note the pseudoherniation of the 
L3-L4 disc into the vertebral canal. 

It was the plain x-ray study that produced the unstable 
spondylolisthesis diagnosis that led to distraction adjusting 
shown in Figure 14.67 and the stabilization with a Taylor brace 
shown in Figure 14.68. This combined care over a 2-month pe¬ 
riod was given as follows. The patient was treated daily with an 
immediate relief of the low back pain but with right lower ex¬ 
tremity pain involving differing dermatome areas continuing. 
Treatment frequency was reduced to three distraction sessions a 
week at 50% relief and continual relief took place until at 2 
months of care the patient was performing her home exercises of 
knee-chest and hamstring muscle stretching and was released at 
2 months of care with relief of her right lower extremity pain and 
only occasional low back pain. A nice relief from attempted sui¬ 
cide to return to work without pain! 
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Figure 14.64. Extension motion study shows no change over neutral 
or extension views in Figures 14.62 and 14.63. 


Figure 14.65. Flexion motion study shows the pars interarticularis to 
separate (arrow). This is the only motion study to reveal this diagnosis of 
instability. 



Figure 14.66. Magnetic resonance imaging shows loss of signal intensity of the L3—L4 disc with pseu¬ 
dodisc bulge into the anterior vertebral canal and the anterior slip of L3 on L4. 
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Figure 14.67. Distraction adjusting with the lumbar flexion roll un¬ 
der the L3 spondylolisthesis subluxation and contact f or distraction made 
above at the thoracolumbar spine when distraction is applied. 



Figure 14.69. Lateral radiograph shows the anterior slip of L4 on L5 
and the pars interarticularis defect. 



Figure 14.68. Brace worn for stabilization of the 1.3 spondylolisthesis 
condition shown in Figures 14.62 to 14.67. 



Figure 14.70. Oblique view confirms the pars interarticularis defect 
(curved arrow). 
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Figure 14.71. Axial single photon emission computed tomography 
(SPECT) scan shows the right pars interarticularis increased uptake in¬ 
dicative of Fracture. 



Figure 14.72. Coronal single photon emission computed tomography 
(SPECT) scan shows the increased uptake of the right L4 pars interartic¬ 
ularis. 


Case 12 

The final case is a professional hockey player injured in a game. 
He developed severe low back pain, and plain lateral lumbar x- 
ray study (Fig. 14.69) shows spondylolisthesis of L4 on L5, 
whereas Figure 14.70, an oblique view, shows a pars interarticu¬ 
laris defect {arrow). Because of extreme pain, a SPECT scan was 
performed. Figure 14.71 shows the increased uptake of radionu¬ 
clide on axial view, and Figure 14.72 shows the increased uptake 
of the right pars on coronal SPECT scan. Treatment of this patient 
consisted of rest, bracing, gentle distraction adjusting, and reha¬ 
bilitation exercises as pain and healing of the fracture progressed. 
This hockey player was back to full action within 6 weeks of the 
injury. An excellent case to conclude this chapter. 


REFERENCES 

1. Newman PH. Spondylolisthesis: its cause and effect. Ann Coll Surg 
Engl 195 5; 16:305. 

2. Killian HF. Schilderungen neuer Beckenformen and ihres Verhal- 
ten im leben Bassermann und Mathy. Mannheim, 1854 (cit da 
Brocher). 

3. Robert (zu Koblenz). Eine eigentumliche angeborene Lordose, 
wahrseheinlich bedingt eine Verschiebung des Korpers des letzten 
Lindenwirbels auf die vordere Flaches des ersten Kreuzheinwirbels 
(Spondylolisthesis Kilian), nebst Bermerlsungen iiber die Mechanik 
dieser Beckenformation. Monatsschr Geburtskunde Frauenkrank 
1855;5:81-94. 

4. Neugebauer F. Die Entschung der Spondylolisthesis. Zentrable 
Gynaekol 1881;5:260-261. 

5. Newman PH. The aetiology in spondylolisthesis. J Bone Joint Surg 
45B:39-59, 1963. 

6. Newman PH. Spondylolisthesis. Physiology 1974;60:14. 

7. Wiltse LL. Spondylolisthesis and its treatment. In: Finneson BE. 
Low Back Pain. Philadelphia: JB Lippincott, 1980. 

8. Wynne-Davis R, Scott JHS. Inheritance and spondylolisthesis: a ra¬ 
diographic family survey. J Bone Joint Surg 1979;61 B:301 — 305. 

9. Rosenberg NJ, Bargar WL, Friedman B. The incidence of spondy¬ 
lolysis and spondylolisthesis in non-ambulatory patients. Spine 
1981; 6( 1): 3 5— 3 8. 

10. Scoville WB, Corkill G. Lumbar spondylolisthesis with ruptured 
disc. J Neurosurg 1974;40:529-5 34. 

11. Pfeil E. Experimented Untersuchunngen zur Frage der Entste- 
hung der Spondylolyse. Z Orthop 1971; 109:231. 

12. Krenz J, Troup JDG. The structure of the pars interarticularis of 
the lower lumbar vertebrae and its relation to the etiology of 
spondylolysis: with a report of a healing fracture in the neural arch 
of a fourth lumbar vertebra. J Bone Joint Surg 197 3; 5 5B: 7 3 5. 

13. Sullivan JD, Farfan HF. The crumpled neural arch. Orthop Clin 
North Am 1975;6:199. 

14. Rowe GG, Roche MB. The etiology of separate neural arch. J Bone 
Joint Surg 195 3;35 A: 102. 

1 5. Finneson BE. Low Back Pain, 2nd ed. Philadelphia: JB Lippincott, 
1980:453, 456—491. 

16. Farfan HF. Mechanical Disorders of the Low Back. Philadelphia: 
Lea & Febiger, 1973. 

17. Troup D. Paper read at the meeting of the International Society for 
the Study of the Lumbar Spine, London, 1975. 

18. Hutton WC, Cyron BM. Spondylolysis: the role of the posterior 
elements in resisting the intervertebral force. Acta Orthop Scand 
1978;49:604-609. 

19. Macnab I. Backache. Baltimore: Williams & Wilkins, 1977. 

20. Semon RL, Spengler D. Significance of lumbar spondylolysis in col¬ 
lege football players. Spine 198 1 ;6(2): 172—174. 

21. Maldague B, Mathurin P, Malghem J. Facet joint arthrography in 
lumbar spondylolysis. Radiology 1981;140:29-36. 

22. Schneiderman GA, McLain RF, Hambly MF, et al. The pars defect 
as a pain source: ahistologic study. Spine 1995;20( 16): 1761 —1764. 

23. Eisenstein SM, Ashton IK, Roberts S, et al. Innervation of the 
spondylolysis “ligament.” Spine 1994; 19(8):91 2—916. 

24. Nordstrom D, Santavirta S, Seitsale S, etal. Symptomatic lumbar 
spondylolysis: neuroimmunologic studies. Spine 1994; 19(24): 
2752-2758. 

25. Jinkins JR, Matthes JC, Sener RN, et al. Spondylolysis, spondy¬ 
lolisthesis, and associated nerve root entrapment in the lum¬ 
bosacral spine: MR evaluation. AJR 1992;159:799-803. 

26. Swenson M. Neurogenic claudication due to pseudospondylolis¬ 
thesis. Am Fam Physician 1983;28(4):250—252. 

27. Troup JDG. Mechanical factors in spondylolisthesis and spondylol¬ 
ysis. Clin Orthop 1976; 1 17:62—63. 

28. Froom P, Ribak J, Tendler Y, et al. Spondylolisthesis in pilots: a 
follow-up study. Aviat Space Environ Med 1987;:588—589. 





650 Low Back Pain 


29. Hall FM. Controversies in Lumbosacral Spine Radiography: Indi¬ 
cations, Projections, and Clinical Implications. Boston: Beth Israel 
Hospital, Department of Radiology, 1985. 

30. Mooney V. Limits on activity differ for spondylolysis and spondy¬ 
lolisthesis. Journal of Musculoskeletal Medicine 1994; 11:9. 

31. Porter RW. Pathology of spinal disorders. In: Weinstein JN, Ry- 
devik BL, Sonntag V, eds. Essentials of the Spine. New York: 
Raven Press, 1995:46. 

32. Virta L, Ronnemaa T. The association of mild-moderate isthmic 
lumbar spondylolisthesis and low back pain in middle-aged patients 
is weak and it only occurs in women. Spine 1993;18(11):1496— 
1503. 

33. Frennered K. Isthmic spondylolisthesis among patients receiving 
disability pension under that diagnosis ofChronic low back pain syn¬ 
dromes. Spine 1994; 19(24): 2766—2769. 

34. Mooney V. Spondylolisthesis outcome unrelated to x-ray views. 
Journal of Musculoskeletal Medicine 1 995; 12(6):8. 

35. Seitsalo S, PoussaM, Schlenzka D, etal. The occurrence of lumbar 
spondylolisthesis in relatives of patients with symptomatic spondy¬ 
lolisthesis. Acta Orthop Scand 1994;65(262):27. 

36. Virta L, Ronnemaa T, Laakso M. Prevalence of isthmic lumbar 
spondylolisthesis in nondiabetic subjects and NIDDM patients. Di¬ 
abetes Care 1994; 17(6): 592—594. 

37. Imada K, Matsui H, Tsuji H. Oophorectomy predisposes to degen¬ 
erative spondylolisthesis. J Bone Joint Surg 1995 ;77B: 1 26—1 30. 

38. Saraste H. Long-term clinical and radiological follow-up of spondy¬ 
lolysis and spondylolisthesis. Pediatr Orthop 1987;7:631-638. 

39. Miyake R, Ikata T, Katoh S, etal. Morphologic analysis of the facet 
joint in the immature lumbosacral spine with special ref erence to 
spondylolysis. Spine 1996; 21 (7):783—‘789. 

40. Ohmori K, Ishida Y, Takatsu T, et al. Vertebral slip in lumbar 
spondylolysis and spondylolisthesis: long term follow-up of 22 
adult patients. J Bone Joint Surg 1995;77B:771 —773. 

41. Friberg O. Lumbar instability: a dynamic approach by traction- 
compression radiography. Spine 1987; 1 2(2): 1 19—129. 

42. Rothman SLG, Glenn WV Jr. CT multiplanar reconstruction in 
253 cases of lumbar spondylolysis. AJNR 1984;5:81-90. 

43. Rothman SLG, Glenn WV. Multiplanar CT of the Spine. 
Rockville, MD: Aspen, 1985. 

44. Schneiderman G, Flannigan B, Kingston S, etal. Magnetic reso¬ 
nance imaging in the diagnosis of disc degeneration: correlation 
with discography. 1987;Spine 1 2(3):276—281. 

45. Pallroth K . Disc herniation in lumbar spondylolisthesis: report of 3 
symptomatic cases. Acta Orthop Scand 1993;64( 1): 1 3—16. 

46. Wood KB, Popp C A, Transfeldt EE, etal. Radiographic evaluation 
of instability in spondylolisthesis. Spine 1994; 19( 15): 1697—1703. 

47. Yamane T, Yoshida T, Mimatsu K. Early diagnosis of lumbar 
spondylolysis by MRI. J Bone Joint Surg 1993;75B(5):764—768. 

48. Ulmer JL, Elster AD, Mathews VP, et al. Lumbar spondylolysis: 
reactive marrow changes seen in adjacent pedicles on MR images. 
AJR 1995;164:429-433. 

49. I.usins JO, Elting JJ, Cicoria AD, etal. SPECT evaluation of lum¬ 
bar spondylolysis and spondylolisthesis. Spine 1994; 19(5): 
608-612. 

50. Raby N, Mathews S. Symptomatic spondylolysis: correlation of CT 
and SPECT with clinical outcome. Clin Radiol 1993;48:97-99. 

5 1. Jeanneret B. Direct repair of spondylolysis. Acta Orthop Scand 
199 3; 64 (SuppI 2 51): I 11. 

52. Ricciardi JE, Plluefer PC, IsazaJE, et al. Transpedicular fixation for 
the treatment of isthmic spondylolisthesis in adults. Spine 1995; 
20( 17): 1917—1922. 

53. Pihlajamaki H, Bostman O, RuuskanenM, etal. Posterolateral lum¬ 
bosacral fusion with transpedicular fixation: 63 consecutive cases 
followed for 4 (2-6) years. Acta Orthop Scand 1996;67(1 ):63—68. 

54. Grobler LJ, Novotny JE, Wilder DG, et al. L4—5 isthmic spondy¬ 
lolisthesis: biomechanical analysis comparing stability in L4—5 and 
1.5—SI spondylolisthesis. J Bone Joint Surg 1994; 16(2):420—421. 


55. Lucey SD, Gross R. Painful spondylolisthesis in a two-year-old 
child. J Pediatr Orthop 1995; 15:199—201. 

56. Osterman K, Schlenzka D, Poussa M, et al. Isthmic spondylolis¬ 
thesis in symptomatic and asymptomatic subjects, epidemiology, 
and natural history with special ref erence to disk abnormality and 
mode of treatment. Clin Orthop 1993;297:65-70. 

57. Schwend RM, Waters PM, Hey LA, et al. Treatment of severe 
spondylolisthesis in children by reduction and L4-S4 posterior seg¬ 
mental hyperextension fixation. J Pediatr Orthop 1992; 12:703—711. 

58. Johnson GV, Thompson AG. The Scott wiring technique for direct 
repair of lumbar spondylolysis. J Bone Joint Surg 1992;74B: 
426-430. 

59. Halperin N, Copeliovitch L, Schachner E. Radiating leg pain and 
positive straight leg raising in spondylolysis in children. | Pediatr 
Orthop 1983;3:486-490. 

60. Ghelman B, Doherty JM. Demonstration of spondylolysis by 
arthrography of the apophyseal joint. Am J Radiol 1978; 
1 30:986-987. 

61. Boxall D, Bradford DS, Winter RB, et al. Management of severe 
spondylolisthesis in children and adolescents. J Bone Joint Surg 
1979;61A :479—495. 

62. Bunnell WP. Back pain in children. Orthop Clin North Am 
1982;13:587-604. 

63. Dandy DJ, Shannon MJ. Lumbosacral subluxation (group 1 spondy¬ 
lolisthesis). J Bone Joint Surg 1971;5 3B:578-595. 

64. Laurent LE, Osterman K. Operative treatment of spondylolisthe¬ 
sis in young patients. Clin Orthop 1976; 1 17:85—91. 

65. Newmann PH. A clinical syndrome associated with severe lum¬ 
bosacral subluxation. J Bone Joint Surg 1965;47B:472-481. 

66. Newman PH. Stenosis of the lumbar spine in spondylolisthesis. 
Clin Orthop 1976;115:116-121. 

67. Osterman K , Lindholm TS, Laurent LE. Late results of removal of 
the loose posterior element (Gill’s operation) in the treatment of 
lytic lumbar spondylolisthesis. Clin Orthop 1976; 117:1 21 — 1 28. 

68. Fredrickson BE, Baker D, McHolick WJ, et al. The natural history 
of spondylolysis and spondylolisthesis. J Bone Joint Surg 1984; 
66 A: 699-707. 

69. Wiltse LL, Jackson DW. Treatment of spondylolisthesis and 
spondylolysis in children. Clin Orthop 1976; 1 17:92—100. 

70. Wiltse LL. Spondylolisthesis: classification and etiology. In: Sym¬ 
posium on the Spine, American Academy of Orthopaedic Sur¬ 
geons. St. Louis: CV Mosby, 1969:143—168. 

71. Pettine KA, Salib RM, Walker SG. External electrical stimulation 
and bracing for treatment of spondylolysis: a case report. Spine 
199 3; 1 8(4): 436-439. 

72. Merbs CF. Incomplete spondylolysis and healing: a study of ancient 
Canadian Eskimo skeletons. Spine 1995;20(21 ):2328—2334. 

73. Dali, BE, Rowe DE. Degenerative spondylolisthesis, its surgical 
management. Spine 1985;!0(7):668 672. 

74. Junghann SH. Spondylolisthesis Ohne spalt in Zwischengelen 
Kstuck. Arch Orthop Unfall-chir 1930;29; 11 8—1 27. 

75. Macnab 1. Spondylolisthesis with an intact neural arch-the so-called 
pseudo-spondylolisthesis. J Bone Joint Surg 1950;32B:325—333. 

76. Newman P H. Surgical techniques for spondylolisthesis i n the adult. 
Clin Orthop 1976; 1 17:106—1 1 1. 

77. Rosenberg NJ . Degenerative spondylolisthesis, surgical treatment. 
Clin Orthop 1976; 1 17:11 2—1 20. 

78. Rosenberg NJ. Degenerative spondylolisthesis, predisposing fac¬ 
tors. J Bone Joint Surg 1975;57A:467-474. 

79. Rissanen RM. Comparison of pathologic changes in intervertebral 
discs and interspinous ligaments of the lower part of the lumbar 
spine in light of autopsy findings. Acta Orthop Scand 1964; 34: 
54-65. 

80. McAfee PC. Computed tomography in degenerative spinal steno¬ 
sis. Clin Orthop 1981; 161:221—234. 

8 1. Potter RM, Norcross JR. Spondylolisthesis without isthmic def ect. 
Radiology 1954;643:678-684. 



Chapter 14 Spondylolisthesis 651 


82. Verbiest H. A radicular syndrome f rom developmental narrowing of 
the lumbar vertebral canal. J Bone Joint Surg 1954;36B:230—237. 

83. Junghanns H. Spondylolisthesis, 30 pathologischanatomisch Un- 
tersuchte. Klin Chir 1929; 1 58:554. 

84. Neugebauer FI. Zentrabl Gynakol 198 1;5:260. 

85. Arnoldi CC. Intervertebral pressure in patients with lumbar pain: 
a preliminary communication. Acta Orthop Scand 1972;43:129. 

86. Arnoldi CG, Linderholm M, Musselbechler M. Venous engorge¬ 
ment and interosseous hypertension in osteoarthritidies. J Bone 
Joint Surg 1972;54B:409. 

87. Hirsch C, Inglemark BC, Miller M. The anatomical bases for low 
back pain: studies on the presence of sensory nerve endings in lig¬ 
amentous, capsular and intervertebral disc structure in the human 
lumbar spine. Acta Orthop Scand 1963—1964; 1:33. 

88. Kaplan EB. Recurrent meningeal branch of the spinal nerves. Bull 
Hospjt Dis 1947;8(1):108. 

89. Lewin T, Moff et B, Viidilo A. Morphology of the lumbar synovial 
intervertebral joints. Acta Morpho Neerl Scand 1962;4:299. 

90. Pederson ME, Blunck CFJ, Gardner E. The anatomy of lum¬ 
bosacral posterior primary rami and meningeal branches of spinal 
nerves (sinu-vertebral nerves) with an experimental study of their 
functions. J Bone Joint Surg 1956;38A: 377. 

91. Stilwell DL Jr. The nerve supply of the vertebral column and the 
associated structures in the monkey. Anat Rec 1956;125:139. 

92. Bernini PM, Simmeone FA. Reflex sympathetic dystrophy associ¬ 
ated with low lumbar disc herniation. Spine 1981;6(2): 180—185. 

93. Bogduk N. The innervation of the lumbar spine. Spine 1983; 
8(3):286—290. 

94. Ehrenhaft JL. Development of the vertebral column as related to 
certain congenital and pathological changes. Surg Gynecol Obstet 
1943;76:282. 

95. Flerlic DC. The nerve supply of the cervical intervertebral disc in 
man. Johns Hopkins Hosp Bull 1963; 1 1 3:347. 

96. Jackson HC, Winkelmann RK, Beck WM. Nerve endings in the 
human lumbar spinal column and related structures. J Bone Joint 
Surg 1966;48A: 1272. 

97. Lindblom K. Technique and results of diagnostic disc puncture and 
injection. Acta Orthop Scand 1951 ;20:315. 

98. Luschka H. Die Nerves des menschlichen Wirbelkanales. Verlag 
der H Lapschen Buchhandellung PV 1850;48 50:8:1. 

99. Malinsky J. The antogenetic development of nerve terminations in 
the intervertebral discs of man. Acta Orthop 1959;38:96. 

100. Nachemson A. The lumbar spine, an orthopaedic challenge. Spine 
1976; 1(1): 59. 

101. Roof e PG. Innervation of annulus fibrosus and posterior longitudi¬ 
nal ligaments, fourth and fif th lumbar level. Arch Neurol Psychiatr 
1940;44:100. 

102. Shinohara H. A study on lumbar disc lesions. J Jpn Orthop Am 
1970;44:553. 

103. Tsukada K. Histologische Studien iiber die Zwischenwirbel scheibe 
des menschen. Altersvander ungena Mitt Adak Kioto 1939;25: 
1-29, 207-209. 

104. Reilly J, Yong-Ying K, MacKay RW, et al. Pathological anatomy of 
the lumbar spine. In: Helfet AJ, Gruebel Lee D, eds. Disorders of 
the Lumbar Spine. Philadelphia: JB Lippincott, 1978:42—47. 

105. Edgar MA, Nundy S. Innervation of the spinal dura mater. J Neu¬ 
rol Neurosurg Psychiatr 1966;29:5 30. 

106. Jaffe R, Appleby A, Arjona V. Intermittent ischemia of the cauda 
equina due to stenosis of the lumbar canal. J Neurol Neurosurg Psy¬ 
chiatr 1966; 29:315. 


107. Nelson MS. Lumbar spinal stenosis. J Bone Joint Surg 1973; 
55B:506—5 12. 

108. Wiltse LL, Kirkaldy-Willis WH, Mclvor GWD. The treatment of 
spinal stenosis. Clin Orthop 1976; 1 1 5:83—91. 

109. Souter WA, Taylor TKF. Sulphated mucopolysacharide metabo¬ 
lism in the rabbit intervertebral disc. J Bone Joint Surg 1970; 
52B:37 1. 

1 10. Sheldon JJ, Russin LA, Gargans FP. Lumbar spinal stenosis, radi¬ 
ographic diagnosis with special ref erence to transverse axial to¬ 
mography. Clin Orthop 1976; 1 15:59. 

111. Cauchoix J, Benoist M, Chassaing MD. Degenerative spondylolis¬ 
thesis. Clin Orthop 1976; 1 15:122—129. 

112. Ailsby RL, Wedge JH, Kirkaldy-Willis WH. Managing low back 
pain. CME News, Union of Saskatchewan 1971;2:8 1. 

1 13. Dagi TF, Tarkington MA, Leech JJ. Tandem lumbar and cervical 
spinal stenosis: natural history, prognostic indices, and results after 
surgical decompression. J Neurosurg 1987;66:842-849. 

114. Crandall PH, Batzdorf U. Cervical spondylotic myelopathy. J Neu¬ 
rosurg 1966;25:57-66. 

115. Lunsf ord LD, Bissonette DJ, Zorub DS. Anterior surgery for cer¬ 
vical disc disease. Part 2. Treatment of cervical spondylotic myelo¬ 
pathy in 32 cases. J Neurosurg 1980;53:12—19. 

1 16. Epstein NE, Epstein JA, Carras R. Coexisting cervical and lumbar 
spinal stenosis: diagnosis and management. Neurosurgery 1984; 
15:489-496. 

1 17. Nugent GR. Clinicopathologic correlations in cervical spondylosis. 
Neurology 1959;9:273-281. 

118. Nurick S . The natural history and the results of surgical treatment 
of the spinal cord disorder associated with cervical spondylosis. 
Brain 1972;95:101-108. 

119. Bridwell KH, Sedgewick TA, O’Brien MF, et al. The role of 
fusion and instrumentation in the treatment of degenerative 
spondylolisthesis with spinal stenosis. J Spinal Disord 1993;6(6): 
461-472. 

120. Grobler LJ. Etiology of spondylolisthesis: assessment of the role 
played by lumbar facet joint morphology. Spine 1993; 18(1): 
80-91. 

121. Robertson PA, Grobler LJ, Novotny JE, et al. Postoperative 
spondylolisthesis at L4—5: the role of facet joint morphology. Spine 
1993; 1 8( 1 1): 148 3-1390. 

1 22. Ishikawa S, Kumar SJ, Torres BC. Surgical treatment of dysplastic 
spondylolisthesis: results after in situ fusion. Spine 1994; 19(15): 
1691-1696. 

123. Duda M. Elite lifters at risk for spondylolysis. Physicians and Sports 
Medicine 1987; 1 5( 10):57—59. 

1 24. McCarroll J, Miller J, Ritter M. Lumbar spondylolysis and spondy¬ 
lolisthesis in college football players. Am | Sports Med 1986; 
14( 5) :404—4-05. 

125. Blanda J, Bethem D, Moats W, et al. Def ects of pars interarticu- 
laris in athletes: a protocol f or nonoperative treatment. J Spinal 
Disord 1993;6(5):406-411. 

126. Granse RR, Mehrsheed S, Ilstrup DM. Lumbar spondylolisthesis: 
a rational approach to conservative treatment. Mayo Clin Proc 
1980;55:681-686. 

127. Mierau D, Cassidy JD, McGregory M, et al. A comparison of the 
effectiveness of spinal manipulative therapy for low back pain pa¬ 
tients with and without spondylolisthesis. J Manipulative Physiol 
Ther 1987;10:49-55. 

1 28. Lenz W. Spondylolisthesis and spondyloptosis of the lower lumbar 
spine: a microstudy. ACA J Chiropractic 198 1; 15:S107—SI 10. 



THIS PAGE INTENTIONALLY 

LEFT BLANK 




Rehabilitation of the 
Low Back Pain Patient 

Scott A. Chapman, DC, DABCO, 

Carol L. DeFranca, DC, DABCO 


A hundred times a day I remind myself that my lije 

labors oj other men, living and dead, and that I must exert myself in 

order to give, in the measure as I have received, and am still 

receiving. 

—Albert Einstein 


chapter 


15 


An exciting model of functional restoration for low back pain 
and dysfunction has been rapidly evolving. This model draws 
from the disciplines of manipulation and physical medicine, and 
physical therapy and rehabilitation. It empowers the clinician 
with the ability to identify and successfully treat simple, acute 
cases as well as complicated, chronic cases of low back pain. 
Strong emphasis is placed on rapid recovery of function, early 
patient involvement, and prevention of disability. Catalyzing 
this shift in our clinical approach to low back pain (LBP) was 
Gordon Waddell, who exposed the shortcomings of traditional 
medical care in LBP management (1). He criticized the ten¬ 
dency to overprcscribc bed rest and surgery, to overemphasize 
structural diagnosis, and the failure to recognize abnormal ill¬ 
ness behaviors. Waddell challenged us to rethink our treatment 
approach and consider instead an integrated biopsychosocial 
model emphasizing functional recovery (1—3). 

Recovery of function in the locomotor system includes re¬ 
habilitation of both the muscular and joint systems. Lewit and 
Jandahave provided a working formula of dysfunctional mus¬ 
cular and joint chains as they relate to disturbed motor func¬ 
tion (4-9). Recently, in the chiropractic profession, Lieben- 
son has contributed a synopsis of these and other concepts and 
procedures that make the transition into the active care model 
systematic and practical (10—12). The use of manipulation, 
passive modalities, and exercise will be reviewed briefly. We 
will examine spinal function as it relates to production of sta¬ 
bility through coordinated muscular activity and balance. 
Next, we will explore low technologic methods of assessing 
functional capacity of the low back patient that drive our treat¬ 
ment and rehabilitative decision-making. Ultimately, we will 
reveal exercise procedures designed to correct functional 
deficits using several techniques. 


OVERVIEW: EXERCISE, FUNCTIONAL 
RECOVERY, AND LOW BACK PAIN 

Exercise for the treatment of LBP is not a novel idea, and it is 
becoming increasingly clear that functionally oriented care for 
lumbar spine management is the growing trend (13). Lieben- 
son et al. have stated: “Functional restoration of activity limita¬ 
tions is considered the standard of care for patients with suba¬ 
cute, recurrent and chronic low back pain” (14). Active care 
approaches for chronic LBP emphasizing functional recovery 
are demonstrating superior results when compared with pas¬ 
sive approaches that emphasize pain relief (15—18). Interest¬ 
ingly, recovery of function seems to be correlated well with 
pain relief. In one study, physical agents (i.e., hot packs and ul¬ 
trasound), when used alone, were found to be no better than 
no treatment at all. Two exercise groups were also compared 
in this study. One group was considered “high tech,” and exer¬ 
cise was achieved through equipment-based, in-clinic proto¬ 
cols. The second exercise group received McKenzie extension 
and spinal stabilization exercise. Both exercise groups attained 
significant improvements in chronic low back pain with the low 
tech exercise group having the longest period of symptom re¬ 
lief (18). In addition to the pain-relieving potential, exercise 
speaks to the issues of enhanced functional capacity. Saal and 
Saal (1 5) sparked much interest in using aggressive spinal reha¬ 
bilitation programs in patients with documented herniated 
lumbar disc with associated radiculopathy. They demonstrated 
a high return to work rate following their program, and further 
concluded that nonoperative treatment in this patient group is 
a viable option. Their rehabilitation approach included the use 
of spinal stabilization exercise integrated with cardiovascular 
conditioning, flexibility routines, and isotonic strengthening 
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(15). Other programs have documented the beneficial effects of 
specific exercise approaches in improving physical and psycho¬ 
logical parameters in low back pain patients (19—22). 

MANIPULATION AND EXERCISE: 

THE CONTINUUM 

Spinal manipulation for LBP is an established method of care, es¬ 
pecially in the acute stage of recovery (13,2 3—26), and evidence 
exists supporting its effectiveness in chronic and complicated 
populations (24, 27). Yet providing passive care, including spinal 
manipulation only beyond the acute stage, is not well supported 
(13, 17, 18, 23). In the chiropractic setting, blending manipula¬ 
tive care with exercise is necessary. This has been the focus of re¬ 
cent work that demonstrated a superior clinical result in low 
back pain patients (17, 18). Sacroiliac manipulation combined 
with flexion and extension mobilization exercises produced su¬ 
perior functional recovery when compared with extension exer¬ 
cises alone (22). Although the rationale for implementing exer¬ 
cise in the management of chronic and recurrent LBP patients is 
strong, the practical transition can be challenging. Liebenson has 
described an active passive care continuum that is both logical 
and useful in understanding the timing of active care implemen¬ 
tation. In the early stage of injury recovery, passive modalities are 
indicated, and the main goals of care include pain reduction, rel¬ 
ative rest, and prevention of further injury. As healing continues, 
progressive movement is strongly indicated and gradually imple¬ 
mented. In most cases, patients can begin a transition toward ac¬ 
tive care in the late acute, early subacute stage of recovery. Chi¬ 
ropractic management of lumbar spine patients, especially those 
at risk for developing chronicity, must include timely conversion 
of the care plan from a passive emphasis of treatment to an 
exercise-based active regimen (12, 2 3, 28—30). 

UNDERSTANDING SPINAL STABILITY 

The spinal column must accomplish two primary tasks that, 
from a mechanical standpoint, seem diametrically opposed. On 
the one hand, the spinal column must be flexible. On the other 
hand, it must be stiff and rigid, especially when under load, to 
maintain anatomic relationships and protect the neural ele¬ 
ments. The ability to perform these two functions without 
compromise is the essence of stability. The prevailing model 
describing how spinal stability is produced has been developed 
by Panjabi. According to this model, spinal stability is initiated 
when the neural subsystem receives movement, load, and po¬ 
sition information from receptor organs located in joints, mus¬ 
cle, and ligaments. The neural subsystem determines specific 
requirements for postural control and movement and activates 
the muscular system. Coordination and integration of the cen¬ 
tral (neural), passive (osteoligamentous), and active (muscular) 
subsystems produce balanced reactions to allow the spinal col¬ 
umn to carry out its dual role (31 — 33). These components and 
their functions are outlined in Table 15.1. 

According to Wilder et al. rapid activation of muscular pat¬ 
terns is chiefly responsible for producing spinal stability (34). 


Table 1S.1 


Panjabi Model of Spinal Stability 


Subsystem 

Components 

Function 

Passive 

Vertebrae 

Stability toward 

(Osteoligamen¬ 

Intervertebral discs 

end range 

tous) 

Facet 

Relay position 


articulations 

and load 


Spinal ligaments 
Joint capsules 

information 

Active 

Spinal column 

Force generation 

(Muscular) 

muscles 

Movement 

Stability 

Control 

Force/ motion 

Process 

(Neural) 

transducers 

information 


located in 

from active and 


muscle, 

passive systems 


ligament, and 

Coordination of 


tendons 

stabilizers and 

movers 

Based on reference 31. 




These muscular responses are governed by central nervous sys¬ 
tem control mechanisms, chiefly by sjDinal reflexes. The oste¬ 
oligamentous structure provides the base upon which the pre¬ 
vious systems will act, and it provides a source of feedback 
information regarding position and load. In short, the muscu¬ 
lar system provides the first line of defense against buckling of 
the osteoligamentous column. This “defense” is coordinated by 
the nervous system. 

MECHANISMS OF SPINAL STABILITY 

Four mechanisms influence spinal stability and they are directly 
related to the stabilization of the osteoligamentous subsystem 
by the muscular subsystem. These mechanisms include fast ac¬ 
tivation speed of key spinal stabilizers, (1 2, 31, 35—37), coor¬ 
dinated muscular co-contraction, adequate endurance (12, 
38-40), and sufficient prime mover strength (1 2, 40, 41). The 
relationship of these mechanisms to sj^ecific muscle groups is 
detailed in the next section. 

Spinal Extensors 

The spinal extensor muscles may be anatomically categorized 
as the dee]} multifidi (Fig. 15.1) and superficial erector spinae 
(Fig. 15.2) divisions. The erector spinae by way of their length 
and larger size are equipped to perform large sagittal plane 
movements, maintain lordosis, preserve lumbar posture, and 
counterbalance loads during lifting (33, 42). The multifidi are 
considered spinal intersegmental stabilizers, and they are active 
throughout the entire trunk flexion range, especially when ro¬ 
tational forces are introduced (43). The multifidus provides 
segmental stiffness and motion control. The proximity of the 
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Figure 15.1. The deep multifidi muscle. 


Abdominal Muscles 

As a group, the abdominal muscles (Figs. 15.3) have received 
significant attention with respect to low back pain management 
and rehabilitation beginning with Williams (48). The rectus ab- 
dominus parallels the superficial erector spinae in that it is pri¬ 
marily responsible for producing large trunk movements, in 
this case forward flexion, and it has an important overall pos¬ 
tural role in preserving lumbar lordosis. 

The transversus abdominus (TrA) and oblique abdominals 
have gained considerable notoriety as important stabilizers of 
the lumbar spine (42, 49—52). They enhance stability of the 
lumbar spine by limiting translation and rotation. (51). The 
TrA is the first abdominal muscle to be recruited during small 
amplitude, rapid trunk movements (5 3), and when limb move¬ 
ments are initiated (54). It inserts posteriorly into the thora¬ 
columbar fascia and anteriorly to the rectus sheath. The inter¬ 
nal oblique abdominus and TrA are the only muscles to have 
both anterior trunk and spinal connections (42). Of special no¬ 
tation, the TrA was the only muscle to demonstrate marked ac¬ 
tivity with isometric trunk extension, and it was the muscle 
most consistently related to changes in abdominal pressure for 
increased spinal stability (42). 


L 
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thoracis 


lliocostalis 

lumborum 


Figure 15.2. Superficial erector spinae (longissimus thoracis, ilio- 
costalis lumborum). 


multifidus to spinal segments provides a biomechanical advan¬ 
tage for fine tuning stability through rapid speed of contraction 
(33, 40, 42, 44). The histology of this muscle demonstrates a 
predominance of postural fibers correlating well with its pro¬ 
posed stabilizing function (45—47). 


Quadratus Lumborum Muscle 

The quadratus lumborum (QL) (Fig. 15.4) is another impor¬ 
tant stabilizer of the spine (39, 55). Its attachment to each lum¬ 
bar transverse process (56—58) and multilayered arrangement 
increase lateral stability. It has been shown to be significantly 
active during a variety of daily activities that require dynamic 
spinal stability, including trunk bending and twisting. A reha¬ 
bilitation exercise called the “isometric side support,” (see Fig. 
1 5.20) has been demonstrated to maximally recruit the QL for 
spinal stabilization (55). 

LINKING MUSCULAR DYSFUNCTION 
WITH LBP 

Altered co-contraction of agonist-antagonist muscle groups, de¬ 
creased speed of contraction, and stabilizing muscle atrophy all 
seem to play a role in the link between LBP and decreased spinal 
stability. Grabiner et al. showed that LBP patients demonstrate 
asymmetric timing of paraspinal muscle contraction and asym¬ 
metric amplitude of contraction. They suggested that LBP is re¬ 
lated to physiologic disturbance in paraspinal muscular control 
(59). Hodges and Richardson examined the speed of contraction 
of several trunk muscles including the TrA. They found that 
during rapid movement of the upper extremity (flexion, exten¬ 
sion, abduction), the group with LBP showed significantly 
slower speed of activation of the trunk stabilizers, specifically 
the TrA, when compared with pain-free controls (60). 

Clinically important information exists linking dysfunction 
of the multifidus muscle and low back pain. Pathologic changes 
have been identified in the multifidus muscle (particularly the 
type I fibers) of patients with recurrent LBP (44). Although 
these changes in the chronic population may not be surprising, 
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Figure 15.3. A. Rectus abdominis muscle. B. Transversus abdominis muscle. C. Internal/external 
oblique abdominal muscles. 



Chapter 15 Rehabilitation of the Low Back Pain Patient 657 



Figure 15.4. Quadratus lumborum muscle. 

multifidus muscle wasting has been demonstrated on the 
symptomatic side shortly following the first episode of LBP 
(61). Hides et al. reported segmental multifidus muscle atro¬ 
phy ipsilateral to low back pain in acute and subacute patients 
as well (44). This atrophy does not spontaneously recover but 
does respond to exercise (44). Others have shown increased 
fatigue tendency in the multifidus muscle of chronic low back 
patients (62). Poor endurance capacity of the spinal extensor 
muscles has been used to predict both first-time occurrences 
and recurrences of low back pain, which provides the rationale 
for an important functional test, namely Sorenson’s static back 
extensor endurance test (see Fig. 15.8) (63—66). 

In addition, other physiologic parameters show association 
to LBP. Chronic LBP sufferers have been shown to exhibit sig¬ 
nificantly lower peak torque and decreased electromyography 
(EMG) activity in the paraspinal muscles (67). Other indicators 
of paraspinal dysfunction include altered strength ratios be¬ 
tween trunk flexors and extensors and abnormal relaxation re¬ 
sponses (68). These deficits in the superficial paraspinals may 
contribute to muscular insufficiency during demanding tasks, 
such as lifting (55). 

EVALUATING MUSCLE BALANCE: CONCEPTS 
AND COMMON SYNDROMES 

Although the current literature regarding spinal stability, dys¬ 
function, and instability is compelling, the clinician needs a con¬ 


ceptual and practical framework to understand muscular dys¬ 
function. Janda has provided a model of assessment of locomotor 
function that interdigitates well with Panjabi’s model. According 
to Janda, stereotypic muscular responses can be determined and 
related to predilections toward either tightness (overactivity) or 
weakness (inhibition) (41,69). These tendencies are based on the 
tonic (postural) or phasic (mover) roles these muscles play in pos¬ 
ture and movement. In essence, postural muscles have a tendency 
toward hyperactivity whereas the phasic muscles tend toward hy- 
poactivity. Although both slow twitch (postural, type I) and fast 
twitch (phasic, type II) fibers exist in all muscle, a predominance 
of fiber type reflects the imposed demand of that particular mus¬ 
cle group. These activity tendencies are influenced heavily by 
how the muscle is used. For example, postural muscles (e.g., the 
iliopsoas and quadratus lumborum) have spinal stabilizing func¬ 
tions and higher populations of slow twitch fibers, enhancing en¬ 
durance capability. Phasic muscles such as the gluteus maximus 
and tibialis anterior have a predominance of fast twitch fibers re¬ 
lating to movement generation (41). 

Modern sedentary lifestyle has a major impact on the devel¬ 
opment of muscular dysfunction. A tendency is seen toward 
overuse of postural muscles because of prolonged constrained 
postures (i.e., flexed postures during sitting). Phasic muscles, 
on the other hand, tend to become inhibited and weak primar¬ 
ily because of disuse (12, 70, 71). A compilation of muscular 
tendencies particularly relevant to the low back pain patient is 
shown in Table 15.2. This table has been summarized to in¬ 
clude those muscles of significant interest in the LBP patient. 

In addition to understanding muscular tendencies, we must 
also consider how muscles are involved in the production of 
movement. For a particular movement, it is necessary to un- 


Table 15.2 


Muscle Tendencies 


Tightness Prone 


Inhibition Prone 


Iliopsoas 
Rectus femoris 
Erector spinae (iliocostalis 
lumborum and 
longissimus thoracis) 
Quadratus lumborum 
Piriformis 
Hamstrings 
Tensor fascia latae 
Thigh adductors 
Gastrocsoleus complex 


Gluteus maximus 
Gluteus medius 
Lower trapezial fibers 
Serratus anterior 
Rectus abdominis 
Oblique abdominals 
Transverse abdominis 
Tibialis anterior 
Peroneuslongus 


Modified with permission from Janda V. Muscle weakness and inhibition in 
back pain syndromes. In: Grieve GP, ed. Modern Manual Therapy ot the 
Vertebral Column, New York: Churchill Livingstone, 1986:197—201; 
Janda V. Evaluation of muscle imbalance. In: Liebenson C, ed. 
Rehabilitation of the Spine: A Practitioner’s Manual. Baltimore: Williams 
& Wilkins, 1995; and Jull G, Janda V. Muscles and motor control in low 
back pain. In: Twomey L, Taylor J, eds. Physical Therapy for the Low 
Back: Clinics in Physical Therapy. New York: Churchill Livingstone, 1987. 
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derstand which muscle is the primary mover (agonist), which 
muscle assists the primary mover (synergist), and which mus¬ 
cle performs the opposite motion (antagonist). Agonist and an¬ 
tagonist muscle groups are governed by Sherringtons’ Law of 
Reciprocal Innervation (72). 

When agonist—antagonist relationships are disrupted because 
of injury, constrained postures, or overuse, muscle imbalance re¬ 
sults. These imbalances lead to disturbed movement during func¬ 
tional activities, and they interrupt coordinated muscular activ¬ 
ity required for stabilization. It is common to observe weakness 
in a primary mover with corresponding overactivity of the move¬ 
ment synergist and antagonist. These patterns of imbalance can 
lead to common and clinically significant consequences. A com¬ 
mon sequela of muscle imbalance is the development of muscu¬ 
lar trigger points. The negative effects of trigger points on mus¬ 
cle function has been well documented (73). Additional 
consequences of muscle imbalance include altered joint mechan¬ 
ics causing uneven distribution of articular pressure and altered 
centers of rotation, which ultimately results in joint dysfunction 
and pain. Additionally, areas of joint hypomobility are often ac¬ 
companied by hypermobility in adjacent segments. Poor propri¬ 
oceptive processing with impaired reciprocal relationships be¬ 
tween agonists and antagonists is the result. Finally, alteration of 
entire motor patterns and gait can occur, leading to commonly 
encountered muscle imbalance syndromes. 

Muscle Imbalance Syndromes 

Muscle imbalance in the pelvic region results in a clinical sce¬ 
nario known as the “lower crossed syndrome” (LCS) also called 
the “pelvic crossed syndrome.” The LCS is characterized by 
ovcractivity of the hip flexor and spinal erector muscles and 
weakness of the abdominal and gluteal muscles. The pelvis 
commonly tilts anteriorly with resultant lumbar hyperlordosis. 
Decreased hip extension during gait is often observed. Clinical 
consequences include increased thoracolumbar facet and sacro¬ 
iliac joint strain, altered hip mechanics, and overstress of the 
lumbosacral junction (9, 41,69). 

The “layer syndrome” involves generalized deconditioning 
and extensive muscle imbalance throughout the body. Alternat¬ 
ing layers of tight and weak muscle groups with disturbance of 
several movement patterns is found. Overactivity is found in the 
hamstrings, thoracolumbar erector spinae, scapular elevators, 
and deep neck extensors with weakness in the gluteals and lower 
scapular fixators, abdominals, and deep neck flexors. Clinical 
consequences include poor trunk stabilization, joint hypomo¬ 
bility especially in transitional regions, symptom chronicity, and 
potential for poor clinical outcome. These syndromes and mus¬ 
cular imbalance in general, are identified by postural observa¬ 
tion, gait evaluation, and movement assessment. These factors 
are discussed in the following section (9, 41,69). 

Muscle Imbalance, Instability, and Injury 

Instability occurs in the spinal column when abnormally large 
or poorly controlled intervertebral motions excite nociceptors 


to the degree that pain is produced (31). The presence of 
injury, degeneration, or disease, in one or all of the three sta¬ 
bilizing subsystems, has the potential to lead to instability. In¬ 
stability can arise in the presence of joint hypomobility or hy¬ 
permobility, impaired sensory processing, muscular weakness 
or fatigue, incoordination, or muscular hypertonicity. Persis¬ 
tent dysfunction, beyond the compensatory ability inherent in 
the stabilizing system, can result in tissue deformation, activa¬ 
tion of nociceptors, and eventually pain (31). Cholewicki and 
McGill suggested that injury risk in the spine can occur under 
two circumstances. Injury risk is highest when the stabilizing 
system is either partially active (i.e., during low demands) or 
when task demand is exceedingly high, causing tissue failure 
(39). Injury during obvious tissue overload is easily under¬ 
standable, but acute pain episodes arising from trivial move¬ 
ment or activity is somewhat less obvious. Bending down to 
pick up a pencil or reaching across a desk are simple tasks that 
are commonly reported as precipitating events of LBP. Low ac¬ 
tivity of the muscular stabilizers is the probable cause for insta¬ 
bility and injury during such simple incidents. This may explain 
why an individual can work at a demanding occupation, yet ex¬ 
perience an acute pain episode following an unsophisticated ac¬ 
tivity (39). 

Mechanoreceptors located in the skin, joints, and muscles 
provide afferent feedback to the brain and spinal cord. This sen¬ 
sory information is vital for producing coordinated motor out¬ 
put. Stimulation of mechanoreceptors activates muscular stabi¬ 
lization of the joint system via spinal reflexes. This mechanism 
can be interrupted by discrete or repetitive injury causing dam¬ 
age to mechanoreceptors altering proprioception and reflex 
stabilization if left uncorrected. This impaired relationship may 
be significant enough to change motor regulation of posture 
and movement. Recent studies have documented the effect of 
pain, injury, and muscle fatigue on spinal function (74, 75). 

Subjects with a known history of low back problems have 
demonstrated great discrepancies in their ability to detect pas¬ 
sive movement in the lumbar spine. Increasing age and in¬ 
creasing number of years on the job positively correlated with 
diminished spinal proprioceptive ability. Exposure to cumula¬ 
tive trauma was theorized to play a role in these findings (74). 
Onset of muscular fatigue during repetitive trunk motion re¬ 
sulted in progressively erratic motion. These findings were at¬ 
tributed to decreased neuromuscular control, which may pro¬ 
vide a causative link between muscular fatigue, instability, and 
spine injury (75). 

Peripheral joint injury at the ankle appears to have a detri¬ 
mental effect on local sensory perception as well as hip and 
pelvic motor function. Significant differences in vibration sense 
between injured and noninjured subjects have been demon¬ 
strated following ankle injury. While testing prone active hip 
extension, the onset of gluteus maximus activity was signifi¬ 
cantly delayed in the injury group. It was suggested that de¬ 
creased extensor activity on the side of ankle injury, not just at 
the site of injury, is common. Alteration in gluteus maximus 
activity beyond the painful period may be attributed to gait pat¬ 
tern change during injury recovery (76). Additionally, deficits 
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in postural reflexes and standing balance have been identified in 
low back pain patients. These deficits are thought to contribute 
to injury susceptibility and recurrent pain (34, 77). 

PATIENT ASSESSMENT 

Functional evaluation for rehabilitation begins in the initial in¬ 
terview by identifying interruption of daily activity and em¬ 
ployment demands. Patient-generated outcome tools are help¬ 
ful in assessing activity levels and limitations. The goal of 
functional testing is to identify deficits in flexibility, strength, 
coordination, and endurance of muscles related to LBP. Test¬ 
ing strategies include both quantifiable (measurable) and qual- 
ifiable (graded as pass or fail) tests that together provide a clear 
picture of the patient’s functional deficits. 

Patient-Generated Outcome Tools 

Self-administered questionnaires such as the Oswestry Low 
Back Disability i 

are extremely useful in patient evaluation. These tools are 
quickly and easily administered. They are valid and reliable in¬ 
dicators of perceived functional abilities and pain levels (30). 
The various categories within the Oswestry questionnaire fo¬ 
cus on limitations of activities. For example, if the patient 
scores high in the sitting tolerance section, the clinician can fo¬ 
cus on the details of the intolerance during the history. During 
the physical examination, the clinician can select specific move¬ 
ments and functional tests related to those intolerances. Ulti¬ 
mately this will influence rehabilitation decisions, and im¬ 
provement in scores over the course of treatment indicates 
clinical progress. A more complete discussion of these tools is 
found in other sources (30, 79, 80). 

Functional Testing 

Quantifiable tests allow comparison of the patient’s current 
functional status with that of similar individuals matched for 
age, sex, and occupation (66). These tests prompt the decision¬ 
making regarding continuation of care, allow change in the 
treatment strategy, guide the implementation of rehabilitation. 
The clinician can measure the response to the rehabilitation 
program over time. This is important in making clinical deci¬ 
sions and for documenting the necessity of rehabilitative exer¬ 
cise (79, 80). The qualifiable tests, on the other hand, possess 
utility in their ability to direct specific aspects of the rehabilita¬ 
tion treatment approach. These tests are based primarily on the 
work of Janda (Table 1 5.3) (9, 41,69). 

Quantifiable Tests 

Quantifiable tests establish a baseline level of functional or 
physical capacity. Yeomans and Liebenson have compiled a 
number of helpful procedures termed the “Quantitative Func¬ 
tional Capacity Evaluation” (79, 80). These tests are a low-cost 
alternative to expensive, computerized testing procedures. 
These tests are safe, reliable, valid, and practical, and they have 



Summary of Functional Testing 

Quantifiable (Measurable) 

Qualifiable (Graded) 

Modified Thomas’ 

Hip extension 

Repetitive squat 

Hip abduction 

Repetitive trunk curl 

Trunk curl 

Static back endurance 

Squatting 

Single leg standing 



a high degree of utility. The quantifiable procedures directly 
applicable to the low back pain patient measure flexibility, 
strength, and endurance parameters. 

Flexibility Test 

The modified Thomas (81 — 83) flexibility test (Figure 15.5) is 
outlined below. 

Test goal: This test provides an assessment of the psoas, rec¬ 
tus femoris, and thigh abductors and adductors. 
Rationale: Janda (9, 41,69) has identified the hip flexors, ab¬ 
ductors and adductors as hypertonic prone muscles that hold 
the capacity to alter hip and pelvis mechanics. Hip joint func¬ 
tion is integral in restoring lumbopelvic function and it is of¬ 
ten overlooked in traditional lumbar spine evaluation. 

Test mechanics: The patient begins in a seated position with 
the ischial tuberosities against the examination table. The 
patient flexes the contralateral hip and knee and holds that 
position while the examiner assists the patient into a supine 
position. The lumbar spinous processes should be flat against 
the examination table in a neutral lumbar spine posture dur¬ 
ing testing. Inclinometric measurement of the hip flexion 
angle can be done. The degree of knee extension present is 
an indicator of rectus femoris length. Soft tissue resistance 
in the abductors (iliotibial band and tensor fascia lata) and 
adductors (adductor magnus and longus) should be esti¬ 
mated in this position. Assessing the hamstrings and gas- 
trocsoleus complex has been covered in detail elsewhere 
(79, 80). Inclinometric measurement of these parameters 
enhance quantification. These muscle groups arc important 
in squatting and gait mechanics, and in controlling lum¬ 
bopelvic rhythm during forward bending. 

Strength and Endurance Tests 

Following are outlined strength and endurance tests. 

Repetitive Squat (65, 66) (Fig. 15.6). 

Test goal: Quadricep and gluteal dynamic endurance. 
Rationale: Squatting is an essential task that is frequently de¬ 
ficient in the LBP patient. Several strategies for reducing 
lumbar spine stress center on the ability to transfer forces to 
the lower extremity during bending and lifting. Studies have 
demonstrated that quadriceps fatigue during repetitive 
squatting leads to a stooping posture with loss of lordosis 
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Figure 15.5. Modified Thomas’ correct test mechanics. 



Figure 1 5.6. Repetitive squat correct test mechanics. 

during lifting (84-87). Inappropriate squat technique could 
he a source of recurrent stress to the lumbar spine. 

Test mechanics: The patient stands with feet 1 5 cm apart 
(roughly shoulder width) and squats until the thighs parallel 
the floor. Repetitions should take 2 to 3 seconds to com¬ 
plete. The patient is instructed to perform as many repeti¬ 
tions as possible with a maximum of 50. Normative data are 
age, gender, and occupation specific as outlined by Yeomans 
and Liebenson (79, 80). 


Repetitive Trunk Curl (65, 66, 88) (Fig. 15.7). 

Test goal: Abdominal and hip flexor dynamic endurance. 

Rationale: Rectus abdominus is an important trunk postural 
stabilizer in the sagittal plane and a producer of trunk flex¬ 
ion. It is often weak in LBP patients (41,69). 

Test mechanics: The patient is supine with knees 90° flexed 
and ankles fixed. The patient is instructed to perform a sit- 
up until the thenar eminence reaches the patella. The patient 
then uncurls back to the supine position. Repetitions are 
counted to a maximum of 50 or best effort. Normative data 
are age, gender, and occupation specific (79, 80). 

Sorenson's Static Back Endurance Test (63, 65, 66, 83) 
(Fig. 15.8). 

Test goal: Static back extensor endurance. 

Rationale: The multifidi muscles are key lumbar spinal seg¬ 
mental stabilizers. 

Test mechanics: Patient is prone with anterior superior iliac 
spine (ASIS) at end of the examination table. The trunk and 
arms are extended off the table with the ankles and thighs 
supported or strapped. The patient attempts to maintain a 
neutral position (not hyperextension) and holds for as long 
as possible or a maximum of 4 minutes. The test is positive 
when the patient can no longer hold the position or devel¬ 
ops back pain. Compare with normative data (79, 80). 

Single Leg Stance (12, 77) (Fig. 15.9). 

Test goal: To assess balancing ability during single leg stance 
activities and to gauge rapid reflexive corrective spinal 
movement. 

Test rationale: Single leg standing requires quick reflex acti¬ 
vation of postural stabilizers in the trunk and lower extrem¬ 
ity. Chronic LBP patients demonstrate poor control of an- 
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Figure 15.7. Repetitive trunk curl correct test mechanics 


Sorenson’s test correct test mechanics 
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Figure 15.9. Single leg stance correct test mechanics (also with eyes 
closed). 

tcrior to posterior sway and tend to perform poorly in this 
test (77). Although practical direct measurement oflumbar 
spine proprioception is still relegated to the laboratory, 
measurements of single leg standing balance can be useful in 
identifying coordination and balance deficits (77, 89, 90). 
Test mechanics: The patient is barefoot with arms at the 
sides. The patient is asked to Hex the hip to 45° and knee to 
90°. Observe for pelvic unleveling (weak gluteus medius), 
excessive arm movement, trunk sway, or foot touch down 
indicating poor proprioception and coordination. Patient 
should be able to maintain single leg position for at least 20 
seconds with eyes closed. Closing eyes removes the visual 
system and imposes greater demand on the vestibular, cere¬ 
bellar and peripheral systems. 

Qualifiable Tests 

The qualifiable tests are based on the work of Janda and Jull (9, 
41,69). The movement patterns in these tests allow for evalua¬ 
tion of the patient during commonly performed movements dur¬ 
ing daily activities such as lifting and ambulating. These tests re¬ 
late well to the quantifiable indicators but add another dimension 
to the clinical and functional picture. These tests include postural 
evaluation, movement pattern assessment, and gait analysis. 

Postural Evaluation 

Postural analysis is a static representation of movement. As¬ 
sessment of static posture can be predictive of muscular imbal¬ 
ance and impairment of the locomotor system. The evaluator 
should strive to identify obvious muscular imbalance or asym¬ 
metry. Table 15.4 outlines key relationships between postural 
faults and functional pathology. 


Movement Pattern Assessment (9, 41, 69) 

Analysis of movement patterns provides useful clinical infor¬ 
mation above and beyond traditional muscle strength testing 
procedures. The assessment of kinesiopathology is diagnostic 
for muscular imbalances, and it provides information that 
guides therapeutic and rehabilitative decisions. Three main ob¬ 
jectives emerge when analyzing a particular movement: (a) de¬ 
termine where the movement is occurring, ( b) assess the qual¬ 
ity of the movement, and (c) assess the range or quantity of the 
movement. The following tests outline how to perform and in¬ 
terpret the tests. 

Hip Extension (41) (Fig. 15.10) 

Test goal: Evaluate gluteus maximus contraction to produce 
hip extension. This is related to the propulsion phase of gait. 
Test rationale: The gluteus maximus is the primary mover in 
hip extension. The ipsilateral hamstring is a strong movement 
synergist with the hip joint being the focal point of the motion. 
Poor hip motion leads to compensatory lumbosacral hyper¬ 
extension. This can be observed in gait during toe off. Inhibi¬ 
tion of gluteus maximus may be caused by hip or sacroiliac 
joint pathomechanics or overactivity of the antagonistic mus¬ 
culature (iliopsoas, rectus femoris). Weakness of the gluteus 
maximus is common in patients with sedentary lifestyles. 
Test mechanics: The patient is prone and is asked to extend 
the hip. Observe for hip joint and lumbosacral mechanics. 
The bulk of the movement should occur at the hip, although 
slight lumbosacral extension may occur at end range. Ex¬ 
cessive thoracolumbar paraspinal activity, lumbar lordosis, 
trunk rotation, or shoulder girdle activity indicate a com¬ 
pensatory pattern of motion. Some paraspinal muscle acti¬ 
vation may be observed when hip extension is initiated. It 
has recently been shown that paraspinal muscle activity is 
likely caused by a coactivation stabilizing effect (40). 

Hip Abduction (41) (Fig. 15.11) 

Test goal: Evaluate gluteus medius during hip abduction. This 
relates to stabilization of the pelvis during the midstance 
phase of gait. 

Test rationale: Gluteus medius is active during midstance to 
stabilize the pelvis. Pelvic stability is accomplished by the 
stance leg gluteus medius, which allows smooth transition 
and absorption of ground reaction forces from the lower ex¬ 
tremities. Inability of the gluteus medius to maximally con¬ 
tract may be caused by weakness, pathomechanics of the 
sacroiliac and hip joints, or overactivity of the hip adductors. 
The synergists of hip abduction are the quadratus lumborum 
(QL) and tensor fasciae latae (TFL). Dysfunction of the QL 
is frequently identified in low back pain patients (91). Faulty 
gluteus medius stabilization may be an underlying promul¬ 
gator of QL overactivity and dysfunction. 

Test mechanics: Patient is side posture. The top leg is posi¬ 
tioned with slight internal rotation. The patient abducts the 
top leg to approximately 45°. Trunk rotation, hip hiking, 
and hip flexion are the most common compensatory patterns 
seen. Posterior trunk rotation indicates paraspinal hyperac¬ 
tivity. Hip hiking indicates QL substitution. Overactivity of 
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Table 15.4 


I Postural Analysis and Associated Functional Pathology 

Observation Predicted Functional Pathology 


Posterior View 

Pelvis 

Lateral shift 
Anterior pelvic tilt 

Posterior pelvic tilt 
Unleveling 
Flattened buttocks 
Lower extremities 

Proximal adductor notch 
Hamstring prominence 
Broad Achilles’ tendon 
Cylindrically shaped calf 

Back 

Thoracolumbar erector 
spinae hypertrophy 

Anterior View 

Abdominals 

“Love handles” 

Lateral abdominal groove 

Lower extremities 

Lateral patellar notch 
Patella alta 
Lateral thigh groove 
Laterally deviated patella 
External rotation 

Weak — inhibited, shortened = tight. 


Weak gluteus medius on contralateral side 

Shortened iliopsoas, rectus femoris (deep, short lordosis); shortened erector spinae 
(shallow, long lordosis); weak gluteus maximus and abdominals 
Shortened hamstrings 
Shortened quadratus lumborum 
Weak gluteals 

Shortened hip adductors 
Shortened hamstrings 
Shortened gastrocsoleus 
Shortened gastrocsoleus 


Lack of hip extension and poor lumbar stability 


Weak transversus abdominus 

Shortened ipsilateral external obliques and poor lumbar stability in anterior to 
posterior direction 

Shortened ipsilateral rectus femoris 
Shortened ipsilateral rectus femoris 
Shortened ipsilateral tensor fascia latae/iliotibial band 
Shortened ipsilateral tensor fascia latae/iliotibial band 
Shortened ipsilateral piriformis 



Figure 15.10. H ip extension correct test mechanics. 
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Figure 15.11. Hip abduction correct test mechanics. 



Figure 15.12. Trunk curl (without stabilizing feet, and knees slightly Hexed). 


the iliopsoas produces excessive hip flexion. TFL substitu¬ 
tion often elicits hip flexion with external rotation. Poor ab¬ 
duction range can often be traced to tightness of the thigh 
adductors or gluteus medius inhibition. Hip joint dysfunc¬ 
tion should also be considered as a primary source of poor 
movement. 

Trunk Curl (41) (Fig. 15.12) 

Test goal: Assessment of rectus abdominus and iliopsoas in 
producing trunk flexion. 

Test rationale: Rectus abdominus is the primary mover in 
trunk flexion with the iliopsoas acting as a powerful syner¬ 
gist (15, 34, 41,51). 


Test mechanics: The patient is positioned supine with knees 
flexed slightly and feet flat and is asked to curl up slowly un¬ 
til the inferior scapular angle clears the table. Lumbosacral 
hyperextension indicates poor stability, overactive erector 
spinae, and poor abdominal control. Lifting feet off the table 
demonstrates iliopsoas hyperactivity. Poor abdominal re¬ 
cruitment is indicated by shaking of the body during move¬ 
ment. Abdominal protrusion is correlated with lack of trans- 
versus abdominus and multifkli co-contraction (42, 51). 

Squatting (41) (Fig. 15.6) 

Test goal: To determine squat mechanics and quality of mo¬ 
tion. 
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Test rationale: Poor quadricep strength and endurance cor¬ 
relates with inadequate lifting mechanics and poor balance 
control (84, 86). Maintenance of neutral lordosis during lift¬ 
ing limits shear forces across the intervertebral disc (85). 
Test mechanics: The patient stands with feet shoulder width 
apart and squats until thighs are parallel with floor. Note loss 
of lordotic posture and inability to keep heels on the ground. 
Loss of lumbar lordosis with trunk flexion may be indicative 
of overactive hamstrings or poor intcrsegmental mechanics. 
Anterior translation of the knee over the foot, varus or val¬ 
gus sway of the knee is attributed to poor quadricep control. 
Heel rise is from shortened gastrocsoleus complex or poor 
ankle mortice dorsiflexion. 

EXERCISE PRESCRIPTION FOR LUMBAR 
STABILIZATION 

The treatment continuum for functional reactivation and reha¬ 
bilitation centers on the correction of dysfunctional joint me¬ 
chanics, beginning with mobilization and manipulative tech¬ 
niques. Next, reducing hypertonicity in overactive muscular 
patterns is necessary. Finally, specific exercises are used to fa¬ 
cilitate hypoactive and weakened muscle groups. These exer¬ 
cises include stabilization and sensory motor routines. See 
Table 1 5.5 for information on the treatment continuum used 
in rehabilitation of low back disorders (92). 

Manipulation 

The rationale, indication, and clinical effects of manipulation 
are beyond the scope of this chapter. Lewit has heralded the key 
role of manipulation in the rehabilitative process (5). He has 
compiled correlations between joint and muscular dysfunction 
that add to our understanding of spinal muscular reflexes. An 
understanding of these relationships is a useful adjunct to de¬ 
termining the application of manipulation. The articulations 
and muscles most germane to lower back pain syndromes are 
summarized in Table 1 5.6. 

Myofascial Release and Flexibility Training 

Manual resistance techniques are primarily used to reduce mus¬ 
cular hypertonicity. These techniques are based on the con- 


Table 15.5 


Treatment Continuum in Rehabilitation 
of Low Back Disorders 

1. Manipulate/mobilize stif f joints 

2. Relax / lengthen tight myofascial stuctures 

3. Train motor control of spinae, pelvis, and lower extremity 

4. Train strength of large prime mover muscles (quadriceps, 
gluteals, rectus abdominis) 

Modified with permission f rom Liebenson C, Hyman J, Gluck N, et al. 
Spinal stabilization. Top Clin Chiro 1996; 3(3):63. 


Table 15.6 


Lewit’s Functional Chains: Muscle and 
Joint Relationships 

Spinal Level Muscular Relationship 


T10-L2 

QL, psoas, abdominals, T/LE/S 

L2-L3 

Gluteus medius 

L3-L4 

Rectus femoris, L/SE/S, hip adductors 

L4-L5 

Piriformis, hamstrings, L/SE/S, hip 
adductors 

L5-S1 

Iliacus, hamstrings, L/SE/S, hip adductors 

Sacroiliac joint 

Gluteus maximus, piriformis, iliacus, 


hamstrings, hip adductors, contralateral 
gluteus medius 


Coccyx 

Levator ani, gluteus maximus, piriformis, 


iliacus 

Hip 

Hip adductors 


Modified with permission from Lewit K. Manipulative Therapy in the 
Rehabilitation of the Motor System. Boston: Butterworths, 1985. 


cepts of proprioceptive neuromuscular facilitation (PNF) and 
involve light muscular contractions in positions of mild stretch. 
Following the contraction, a period of muscular relaxation oc¬ 
curs and the muscle can be relaxed to a new resting length. 
Postisometric relaxation (PIR) is a gentle muscular release 
technique. All techniques require comfortable patient posi¬ 
tioning. The muscle(s) is placed on slight tension at the point 
of its physiologic barrier to further movement. A mild con¬ 
traction of the muscle is facilitated via verbal and tactile com¬ 
mands. Contractions are typically held for 10 seconds at which 
time the patient is instructed to relax the contraction. The mus¬ 
cle is allowed to relax and then gently elongate to its new rest¬ 
ing length. Three to four repetitions are typically required. 
Self-release techniques can then be employed to maintain 
treatment gains. Liebenson’s text contains a detailed descrip¬ 
tion of myofascial release techniques (93). See Figure 15.13 for 
PIR and self-releases for the psoas, hamstring, and piriformis 
muscles. 

Spinal Stabilization Training (12, 94) 

The overall goal of the spinal stabilization program is to recon¬ 
dition key spinal stabilizers while improving control and coor¬ 
dination. A distinct advantage to this exercise approach is that 
it provides a training effect for target muscle groups without 
aggravating symptoms (15, 12). The focus is on producing 
quality movement. This type of exercising provides several 
training possibilities in a number of positions that correlate to 
functional deficits noted during the physical examination. 

Goals of the initial phase are to explore lumbopelvic move¬ 
ment, identify the functional training range, and attain initial 
lumbopelvic control through basic skills such as muscular co¬ 
contraction and pelvic tilting. These skills introduce the patient 
to the notion that movement is good and that by performing 
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Figure 15.13. A. Psoas postisometric relaxation (PIR). B. Psoas self-stretch. C. Hamstring PIR. D 
Hamstring self-stretch. E. Piriformis PIR. F. Piriformis self-stretch. 
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certain movements, painful episodes can be controlled and re¬ 
duced. Some initial-phase exercises are safe to begin in the late 
acute or early subacute LBP patient, even those patients with 
radicular symptoms. In the acute care phase identification of 
movements that control pain, centralize extremity pain toward 
the spine, and allow self-mobilization are emphasized. Em¬ 
powering patients with effective self-care tools in the early 
stages of management speeds the recovery process and limits 
chronicity. The three main features of our lumbar spine reha¬ 
bilitation prescription are abdominal co-contraction, lumbo- 
pelvic control, and fast coordinated muscular activation. 

Abdominal Co-Contraction: Hollowing and Bracing 

Richardson stated: “It is inappropriate to load the spine when a 
basic level of active protective stability cannot be achieved” 
(95). Enhancing stability can be accomplished through facilitat¬ 
ing co-contraction ability. Co-activating the abdominal wall 
and the deep back extensors is the initial goal in achieving basic 
stability and kinesthetic awareness of the lumbopelvic region. 
Co-contraction movements activate important stabilizing mus¬ 
cles such as the multifidus and transversus abdominus. Begin by 
asking the patient to draw the navel toward the spine (Fig. 
15.14). This action activates the abdominals and multifidus 
muscles, resulting in co-contraction. The use of the oblique ab¬ 
dominals and transversus abdominus with minimal contribu¬ 
tion from the rectus abdominus requires the action of pulling 
the abdomen inward toward the spine and slightly upward 



Figure 15.14. A. Abdominal breathing showing lower abdominal 
protrusion. B. Abdominal hollow. 


without deep inspiration. With efficient coactivation a small 
muscular prominence will be apparent when the transversus 
and oblique abdominals are active in the co-contraction. This 
can be palpated just medial to the ASIS (36). If the patient is ex¬ 
periencing difficulty with this maneuver, attempt coordinating 
the hollowing with forced exhalation. Exhalation facilitates the 
lower abdominal muscles to contract, causing the lower ab¬ 
domen to flatten. The abdomen should expand with inhalation 
and flatten with exhalation. Abdominal bracing is another way 
to improve lumbar stabilization but this is chiefly accomplished 
by increasing intra-abdominal pressure in conjunction with a 
mild co-contraction. The next step is to explore lumbopelvic 
motion through pelvic tilting. 

Lumbopelvic Control: Pelvic Tilting 

The basic purpose of pelvic tilting is to initiate movement, gain 
kinesthetic awareness of lumbopelvic control, and explore the 
patient’s lumbopelvic range. Initially, one or two positions will 
be successful for the patient. Six basic positions are usually ex¬ 
plored: supine hook-lying, quadruped, sitting, standing, lunge, 
and kneeling. Any or all of the positions can be used, but those 
positions most representative of the patient’s functional intol¬ 
erances should be emphasized. For example, patients with 
radiculopathy typically find sitting to be most provocative. Im¬ 
proving sitting tolerance provides the patient with a manage¬ 
ment tool to avoid provocation and minimize symptom exac¬ 
erbation. A combination of verbal and tactile cues tends to offer 
the best result when facilitating the patient to perform the de¬ 
sired movement. Ask the patient to tilt the hips backward and 
forward. Place one hand on the lower abdomen and the other 
on the lower lumbar spine and gluteals to assist the movement 
(Fig. 15.15). 

Fast Coordinated Muscular Activation: 

Sensory Motor Stimulation 

Sensory motor stimulation (SMS) is a simple, yet effective 
training method to improve postural reflexes (9, 41,69, 96). 
The goals of SMS training can be achieved by using tools such 
as rocker boards, balance sandals, and physioballs. These train¬ 
ing goals are summarized in Table 15.7. Postural reflexes are 
improved by increasing the stimuli from peripheral structures 
(i.e., skin, muscles, and lower extremity and spinal joints) to 
elicit increased activity of the postural stabilizing muscles. 

Sensory motor stimulation has been most commonly ap¬ 
plied in the rehabilitation of lower extremity sports injury. 
Gains in local muscular strength as well as improved balance 
performance have been documented following training on 
rocker and wobble boards (100—103). A small number of 
asymptomatic patients were studied to determine the effect of 
using balance sandals on the gluteal musculature. Great in¬ 
creases in speed of contraction of the gluteal muscles were doc¬ 
umented while using the sandals. The treatment effect carried 
over into barefoot walking as the patients continued to demon¬ 
strate and maintain dramatic contraction speed of the gluteal 
muscles (96). Several key stabilization and sensory motor 
tracks will be discussed below. In several stabilization exercise 
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Figure 15.15. A. Posterior pelvic tilt—supine hook lying. B. Anterior pelvic tilt supine hook lying. 
C. Posterior pelvic tilt—quadruped. D. Anterior pelvic tilt—quadruped. 


Table 15.7 


I Sensory Motor Stimulation Goals 

1. Retrain altered afferent pathways 

2. Enhance sensation of joint movement 

3. Enhance reflex stabilization 

4. Achieve automatized control of postural muscles 
Based on references 97-99. 


examples, we have incorporated the use of the physioball. 
Liebenson’s text has an excellent description of other floor and 
physioball routines (94). 

Exercise Prescription 

Exercise protocols are developed to be used as guidelines. 
Attention must be paid to the patient’s individual tolerances, 
activities of daily living, and demands of employment or 
sport. The doctor and patient must be familiar with common 
errors that must be corrected. These corrections have been 
outlined in Table 15.8. Neutral lumbar lordosis refers to the 
midpoint between the posterior and anterior pelvic tilt. This 
is considered a safe point to begin most stabilization exer¬ 
cises. The spinal joints are near the midrange where the like¬ 
lihood for joint stress is negligible (40). Abdominal hollow- 


Table 15.8 


Common Errors and Corrections During 
Stabilization Training 

Error Corrections 

Hyperlordosis Neutral lumbar lordosis 

Abdominal protrusion Abdominal hollowing 

Poor lower extremity alignment Specific corrections for 

specific exercises 

Chin poking Neutral cervical spine 

Pelvic unleveling Level pelvis 

Valsalva maneuver Exhale on exertion 


ing, which is performed in conjunction with the neutral spine 
posture, facilitates muscular stabilization. Lower extremity 
alignment differs with specific exercises. For example, when 
squatting, the knee should not pass the forefoot nor should 
there be valgus or varus sway. During supine bridge exercises 
the knees should be hip width apart except for single leg 
versions. 

Exercise Tracks 

Stabilization exercises are organized in tracks to progress the 
patient through increasingly difficult exercises. Isometric holds 
with co-contraction are performed first. By adding extremity 
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movement, resistance, and hold times, exercise difficulty in¬ 
creases. The number of sets and repetitions is determined by 
the patient’s ability to correctly perform the exercise. Pro¬ 
gressing a patient to the next level is based on ability to demon¬ 
strate good postural control and coordination. Always allow 
the patient to succeed with an exercise. If it cannot be per¬ 
formed appropriately, make the exercise easier by decreasing 
the complexity of the movement (i.e., decreasing repetitions 
and resistance). This is the concept of “peeling back.” For ex¬ 
ample, a patient unable to perform a bridge exercise on a phys- 
ioball may need to be “peeled back” to bridging on the floor. 
Table 15.9 outlines the rules for exercise progression. An iso¬ 
metric contraction on a stable surface is the safest and least de¬ 
manding form of an exercise. 

The exercises within these tracks are a condensed compila¬ 
tion of frequently used exercises. Progression within the track 
is in increasing order of difficulty. Any of these exercises can be 


Table 15.9 


I Rules for Exercise Progression 

Unloaded to loaded 
Simple to complex 
Stable to labile 

Isometric > concentric > eccentric > resistance 
Endurance > strength 
Slow > fast movements 

Modified with permission from Liebenson C, Hyman J, Gluck N, etal. 
Spinal stabilization. Topics Clinical Chiropractic 1996;3(3):67 


made more difficult with the use of longer hold times, manual 
resistance, and unstable surfaces. 

Bridge Track: Floor and Physioball Routines (Fig. 15.16) 

Indication: ‘ + ’ hip extension and hip abduction tests. This 
track emphasizes gluteal and quadricep recruitment. The pa¬ 
tient first explores lumbopelvic motion, finds neutral lumbar 
spine, and hollows the abdomen. Next, active gluteal contrac¬ 
tion occurs as the patient raises the pelvis to the maximal height 
where neutral spine can be maintained. Maximal recruitment 
of the erector spinae, gluteals, and transversus abdominus mus¬ 
cles occurs when manual resistance is applied to the pelvis over 
the anterior superior iliac spine in conjunction with slight al¬ 
ternating pelvic rotation movements. (55) This can be incor¬ 
porated into any of these bridge variations. 

1. Floor bridge (Fig. 15.16/1) 

2. Ball bridge (Fig. 15.16B) 

3. Floor bridge with marching (Fig. 1 5.16C) 

4. Ball bridge with single leg (Fig. 15.16D) 

5. Bridge with feet on ball (Fig. 15.16 E) 

6. Hamstring bridge with feet on the ball (Fig. 15.16 F) 

Dead Bug Track: Floor and Physioball Routine 
(Fig. 15.17) 

Indication: ‘ + ’ trunk curl or repetitive curl up tests. This track 
trains the abdominals with specific emphasis on maintaining 
spinal stability while incorporating extremity movement. The 
beginning position is supine with knees flexed and arms at the 




Figure 15.16. A. Floor bridge. B. Ball bridge. C. Floor bridge with marching. D. Ball bridge with single 
leg. 
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Figure 15.16 continued. 


E. Bridge with feet on ball. F. Hamstring bridge with feet on ball. 



Figure 15.17. A. Isometric ball squeeze. B. Alternate leg movement 
with stable trunk. C. Combined alternate arm and leg movements with 
stable trunk. 


side. Extending arms overhead has a tendency to increase lum¬ 
bar lordosis. Be aware of this and make the appropriate cor¬ 
rections. This exercise incorporates progression to both arm 
and leg movements in an opposite and alternating motion. The 


initial movement of using the upper extremity is not shown. 
Once the lower extremity motion is combined with the upper 
extremity movement, coordinated function and spinal stability 
is difficult to maintain. The diagonal isometric hold emphasizes 
oblique abdominal training. 

1. Isometric ball squeeze (Fig. 15.17/1) 

2. Alternate leg movement with stable trunk (Fig. 15.1 IE) 

3. Combined alternate arm and leg movement with stable 
trunk (Fig. 15.17C) 

Quadruped Track: Floor Routine (Fig. 15.18) 

Indication: ‘ + ’ hip extension and Sorenson’s tests. Similar to 
the ‘Dead Bug’ position, the quadruped position also incorpo¬ 
rates arm and leg movements. However, the training effect 
emphasizes multilidus, gluteal, and transversus abdominus 
muscles. In the quadruped position the hands are directly un¬ 
der the shoulders and the knees under the hips. A stable and 
neutral cervical and lumbar spine is maintained while the ex¬ 
tremity movement is performed. 

1. Alternate leg movement with stable trunk (Fig. 1 5.18/1) 

2. Opposite arm and leg (cross crawl) with stable trunk (Fig. 
15.1 SB) 

Supine Track: Physioball Routines (Fig. 15.19) 

Indication: ‘ + ’ trunk curl or repetitive curl up tests. These 
exercises are modified abdominal crunches that focus on rec¬ 
tus abdominus, oblique abdominals, and transversus abdomi¬ 
nus muscles. The patient begins in the supine hook-lying po¬ 
sition with feet on the ground and hips and knees moderately 
flexed. The arms can be in several positions in increasing or¬ 
der of difficulty: (a) reaching forward, ( b) crossed over chest, 
(c) crossed behind the head, supporting the neck, and (d) el¬ 
bows extended over head. The concentric phase of the crunch 
is complete when the inferior angle of the scapulae just lift off 
the floor or the ball. Remember, the lower abdominals 
should flatten when the crunch is performed with a neutral 
lumbar spine emphasized. The combination of the center and 
oblique abdominal crunch is most effective for training all the 
abdominals. 














Chapter 15 Rehabilitation of the Low Back Pain Patient 671 



Figure 15.18. A. Alternate leg movement with stable trunk. B. Op¬ 
posite arm and leg (cross crawl) with stable trunk. 



Figure 15.19. A. Center crunch—ball. B. Oblique crunch—ball. 



B 

Figure 15.20. A. Side-support with knees Hexed to 90° B. Side- 
support with knees fully extended. 

1. Center crunch—hall (Fig. 1 5.19/1) 

2. Oblique crunch—ball (Fig. 15.19$) 

Side-Support Track: Floor Routine (Fig. 15.20) 

Indication: ‘ + * hip abduction test. This routine effectively 
trains the quadratuslumborum muscle (55). The difference be¬ 
tween the two forms is knee position. When the knees arc ex¬ 
tended, exercise difficulty increases. The key technique points 
are (a) maintain the hips in slight extension and (b) shoulders, 
knees, and ankles (in the second exercise) form a straight line. 
The elbow is flexed at 90° and directly positioned under the 
shoulder. The pelvis is then raised until the spine is straight. 
The downside quadratus lumborum muscle is being trained. 

1. Side-support with knees flexed to 90° (Fig. 1 5.20/1) 

2. Side-support with knees fully extended (Fig. 15.20$) 

Prone Track: Physioball Routine (Fig. 15.21) 

Indication: * + ’ Sorenson’s test. This track emphasizes the deep 
and superficial spinal extensor muscles. The patient begins with 
feet against a wall for support, knees flexed, and touching the 
floor, and then leans over the ball and extends the legs. As the 
ball rolls forward, the patient will begin to straighten the spine 
to neutral, not hyperextension. In the first exercise the focus 
lies in training static endurance of the multifidus muscle, using 
increased hold times. This exercise can be performed with var¬ 
ious arms positions. The further the extremities are away from 
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Figure 15.21. A. Superman over ball with arms at 90°. B. Repetitive 
spine extensions over ball—starting position. C. Repetitive spine exten¬ 
sions over ball final position. 

the body the more demandingthe exercise. First begin with the 
arms by the side then progress the arms to 1 20° abduction. The 
second exercise concentrates more on phasic control with the 
incorporation of repetitions to train the superficial erector 
spinae. In the second exercise, the arm position is crossed hang¬ 
ing in front of the chest. 

1. Superman over ball (shown with arms 90° abducted) (Fig. 
15.21 A) 

2. Repetitive spine extensions over ball—starting position 
(Fig. 15.215) 

3 . Repetitive spine extensions over ball—ending position (Fig. 

15.21C) 

Standing Track: Physioball Routine (Fig. 15.22) 

Indication: * + * single leg stance and repetitive squat test. This 
routine will train the quadriceps and gluteals while teaching the 
patient to maintain lumbar lordosis during squatting and lifting 


tasks. The physioball is placed in the small of the back. Feet are 
hip width apart with the body leaning into the ball. This lean¬ 
ing posture helps facilitate proper lower extremity alignment. 
When performing the squat, patients are cued to press the but¬ 
tocks into the ball as they lower their body. This will empha¬ 
size maintaining lumbar lordosis during lifting and squatting 
tasks. Initially, a shallow squat may be most appropriate. As the 
patient progresses to a full squat, the thighs should be parallel 
with the floor. The side squat variation emphasizes the gluteus 
medius. First, the pelvis is slightly dropped on the inside leg. 
The patient begins by pressing the pelvis into the ball. This is 
followed by leveling the pelvis to complete the movement, 
which is necessary to maximally recruit the gluteus medius on 
the stance side. The final standing exercise is the lunge. The 
lunge is performed without the ball in either a repetitive static 
position or with dynamic alternating repetitions. Lower ex¬ 
tremity alignment is crucial. The forward leg knee and ankle 
are aligned as are the back leg, hip, and knee. The forward step 
should be hip width apart. 

1. Full ball squat (Fig. 15.224) 

2. Single leg ball squat (Fig. 15.225) 

3. Side ball squat (Fig. 15.22C) 

4. Static lunge (Fig. 15.22D) 

Sensory Motor Stimulation Track (98, 99) 

Indication: Malcoordination observed during functional test¬ 
ing. The use of rocker boards, wobble boards, balance sandals, 
foam rollers, and physioballs enhances sensory motor control 
and coordination (Fig. 15.23). General rules to be observed in¬ 
clude maintenance of posture and alignment. One strategy for 
integrating SMS exercises into a lumbar stabilization program 
is to use sensory motor devices between each exercise activity. 
For example, stationary bike warm up, rocker board, abdom¬ 
inal exercises, wobble board, extension exercises, and balance 
sandals. Exercises on the balance boards typically are main¬ 
tained for 20 to 30 seconds per repetition and repeated fre¬ 
quently. 

Foot prepositioning may be necessary at first to facilitate the 
patient’s lower extremity kinesthetic awareness. This can be 
accomplished first by stroking the sole of the foot, then by ap¬ 
proximating the rear and forefoot to slightly raise the longitu¬ 
dinal arch. This is termed the “short” or “small foot.” The pa¬ 
tient is instructed to gently grip the toes, while contracting the 
intrinsic muscles of the longitudinal arch, without lifting the 
first metatarsal head. (Fig. 1 5.24) The patient should feel most 
of the weightbearing on the lateral aspect of the foot. 

Monitor the patient for several common faults: insufficient 
stabilization of the metatarsals (excessive plantar flexion), in¬ 
sufficient knee posture (valgus or varus), hyperlordosis of the 
lumbar spine, or trunk flexion. Maintenance of posture, in¬ 
creased body awareness, and balance control will be enhanced 
with the use of sensory motor training. Progression to the 
semisquat and single leg stance follows (Fig 15.9). Single leg 
stance with slow then fast pushes is thought to enhance activa¬ 
tion of spinovestibulocerebellar pathways essential for good 
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Figure 15.25 

board—corona 
























Chapter 15 Rehabilitation of the Low Back Pain Patient 675 



41 



Figure 15.25 — continued. C. Rocker board—diagonal position. 

posture and spinal control. The patient s balance is continually 
challenged by having the patient close the eyes. Closing the 
eyes eliminates a major source of sensory input required for 
balance. This intensifies the activity and speed of muscular con¬ 
traction. 

Balance board activities increase the demand for balance by 
elevating the center of gravity and destabilizing the standing 
surface. Raising the center of gravity and performing activities 
on an unstable surface require much greater coordination and 
muscular effort. The rocker and wobble boards are typically 
used. The rocker board is unstable in a single plane at a given 
instance whereas the wobble board is unstable in multiple di¬ 
rections. Changing the foot position on the rocker board trains 
balance in various angles and emphasizes specific muscles. For 
example, when the board is rocking from side to side (coronal 
plane) the gluteus medius is emphasized (Figs. 15.25). The 
same progression as in standing can be used with the balance 
boards. Progressing the patient to perform a single leg stance 
with closed eyes on either balance board is challenging. More 
advanced exercises on the boards may include stepping, jump¬ 
ing, lunging, and incorporation of upper extremity move¬ 
ments. An example of an advanced activity with a high degree 
of complexity would be a single leg stance on a wobble board 
with eyes closed receiving push challenges or using arm move¬ 
ments. 

Progression of the patient to functional activities as quickly 
as possible while maintaining good posture and quality of 
movement is the ultimate goal. Table 15.10 outlines the gen¬ 


eral rules for progression. The essence of progression is to chal¬ 
lenge the patient by decreasing the stability of the task, but still 
allowing for patient success. 

Also used to improve sensory motor control are balance 
sandals (Fig. 15.26). These sandals are an open toe and heel 
sandal with a hemisphere in the center on the plantar surface of 
the shoe. They are an effective tool because they enhance sen¬ 
sory motor coordination while simulating gait. The usual pro¬ 
gression is standing in the shoes next to a chair for support. 
Marching in place is performed initially. Small half steps with 
accentuated hip flexion is then incorporated. Maintaining bal¬ 
ance and coordination on the sphere is the primary goal. When 
forward walking is easily performed, the patient progresses to 
backward walking and side stepping. The common postural 
fault observed is overactivity of the quadratus lumborum mus¬ 
cle, eliciting a hip hike. Other low technology equipment we 


Table 15.10 


Progression of Difficulty for Sensory 
Motor Stimulation Exercises 

Initial Level Progression 


Double leg stance 

Single leg stance 

Standing on floor 

Standing on balance apparatus 

Eyes open 

Eyes closed 

No activity 

Challenge activity 



Figure 15.26. Balance sandals. 


676 Low Back Pain 


have used to facilitate proprioception are mini trampolines, 
balance beams, and the ‘Fitter/ 

CHALLENGE: SUMMARY 

This chapter has reviewed current concepts of exercise as it re¬ 
lates to LBP. A transition from passive to active forms of care 
is clinically necessary to enhance functional recovery in the LBP 
patient. By using assessment techniques that both quantify and 
qualify altered function, simple and effective rehabilitation 
protocols can be designed for the LBP patient that reduce pain 
and restore function. 

We would like to extend our appreciation to Dr. James Cox for 
giving us this publishing opportunity. Additionally, our thanks and 
gratitude are extended to Dr. Craig Liebenson, Dr. George De 
Franca, Dr. Matthew Kowalski, and Dr. Glenn Dodes for their con¬ 
tinued patience, constructive criticism, support, and friendship. 
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Who can deny that the mind and emotional state play an inte¬ 
gral part in one’s health and well-being? As we learn more and 
more, that point becomes sharper when dealing with people 
suffering with low back pain. This chapter is written to briefly 
bring to light some of the most recent and relevant research 
data and theories relating low back pain and psychological 
health. 

This area of research has received much more press in the 
last few years, and for good reason. We know that increased 
stress and tension can lead to an increased risk of heart attack. 
No one used to think of these aspects of health until too late. 
The more we look into how our psyche affects our health and 
wellness, the less and less we are able to dismiss it as a cause 
of disease. Yes, the word cause is being used here, not cor¬ 
relation, but cause. Psychological health plays a greater role 
than we understand. For reasons that follow, the number of 
back injuries has not risen in the last few years but the num¬ 
bers of those disabled has (1). Why? 

The number one somatic complaint of those with depression 
is low back pain. Why is that? Could it be that support for the 
body resides in the spine, especially in the low back? When a 
person’s mental health support is lost, support being the spine 
of the psyche, can the psyche show its pain through the back? 
The body appears to be a mirror of the person who resides in¬ 
side as well as the pain, loneliness, suffering, loss, and grief the 
person carries and needs to heal. Doctors are placed at a par¬ 
ticularly advantageous spot to read these signs because of the 
fact that they have been trained to notice the body, how it is 
carried, and where its weak points are. Noticing and interpret¬ 
ing these signs and symptoms will be our biggest challenge. 

Persistent pain has been found to be predicted by a combi¬ 
nation of somatic, psychological, and social parameters (2). 
The more depressed the mood is before therapy, the more 
likely the patient avoids social or physical activity (2). As we 


know, the more control and responsibility the patient takes, 
the faster the heal and fuller the recovery. Those who avoid 
physical activity are less likely to heal quickly and more likely 
to develop chronic pain (2). 

How persons communicate their pain is an important clue 
as to psychological health. Those more depressed are more 
likely to communicate pain indirectly: moan, grimace in pain, 
and so forth. Those who communicate indirectly are more 
likely to have pain at discharge from therapy and may be look¬ 
ing for secondary gain (i.e., more attention from a family 
member or spouse) (1, 2). By not sharing how one feels di¬ 
rectly, a person is expecting others to be psychic and read his 
or her mind about how depressed, lonely, or despairing that 
person is. This is a direct path to frustration and failed thera¬ 
peutic approach. Direct communication is a link to psycho¬ 
logical health. One will find only frustration by expecting peo¬ 
ple to know how one feels. 

Fordyce has a theory to explain why depression and other 
psychological factors can lead to chronic pain: those depressed 
do not exercise, which leads to deconditioned trunk muscles, 
which, under a state of physical stress, fail and incur injury (1). 

One often-heard statement heard by doctors when sug¬ 
gesting psychological help is “You think this is all in my head?” 
or “You think I’m making this up?” When a patient communi¬ 
cates pain, then a pain problem is to be dealt with (3). Chronic 
low back pain patient (CLBPP) issues often become centered 
on fear of pain, which leads to avoidance and, finally, to dis¬ 
ability (3). Others have stated similar ideas. I feel the point to 
be taken is that when someone expresses pain, it is real. Even 
if a psychological factor triggers the pain or the pain behavior, 
if a patient says the pain exists, then it does for that individual, 
barring that he or she is not malingering. We get nowhere and 
actually decrease our effectiveness as physicians when we at¬ 
tempt to make patients believe that they do not have pain. 
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PROFILE OF THE CHRONIC LOW 
BACK PAIN PATIENT 

Let us look at some of the characteristics of those with chronic 
back pain. The following study represents 78 CLBPPs (4): 10 
had psychiatric diagnoses, 34 showed maladaptive personality 
disorders, 34 had normal prepain personalities, 67 (86%) ex¬ 
perienced reactive depression, 54 took higher than normal pain 
medications, 9 had a drug addiction, 58 misused narcotics, and 
54 experienced withdrawal symptoms. In 52 subjects, pre¬ 
operative imaging (radiograph, magnetic resonance imaging 
|MRI], computed tomography [CT]) was normal. Only 26 
had a diagnosis based on radiologic findings that warranted 
surgery. Clinical criteria were met for intervention in 26 of the 
78 cases; 52 were not. Clinical and imaging criteria were met 
in 40% of second surgeries. Of those who had a second surgery 
73% met criteria for a subsequent surgery to treat the effects 
of an earlier surgery (4)! 

As we have seen, many people choose surgery as a quick end 
to the pain with little to no other clinical criteria for the 
surgery. Many patients in one study had surgery based on per¬ 
sistent pain that was frequently coupled with underlying psy¬ 
chiatric abnormalities, without meeting the criteria generally 
accepted before undergoing surgery (4). Surgery, however ap¬ 
propriate in some cases, is not the cure-all that it is thought to 
be by the general population. It is a last resort, and those un¬ 
dergoing it need to be screened, as will be discussed later. 

WHICH COMES FIRST? 

Let us begin our study of how psychological disorders begin 
and how they affect the chronic low back pain patient. Mus¬ 
culoskeletal disorders were found to predate psychological 
problems in one study. That is to say, the pain came on be¬ 
fore depression and psychological distress developed (5). In 
another study, psychological disturbance appeared equally to 
be the consequence and the cause of low back pain (6). How¬ 
ever, pain diminution for the patient also relieved the psy¬ 
chological distress (6). Another author has found that de¬ 
pression can cause low back pain (7). One author feels that 
the approach to low back pain needs to be changed from an 
organic versus psychological argument with a refocus on 
treating the whole person with a holistic approach (6). This is 
a typical chiropractic approach, treating the person, not the 
disease and I do support it with the caveat that identifying the 
causes and preventing the result is always the most sound ap¬ 
proach to wellness care. 

A somatizer is someone who manifests emotional and men¬ 
tal disturbances in physical complaints. Essentially, emotional 
or mental distress is expressed in physical symptoms in these 
individuals (7). Physical symptom expression of emotions tells 
the clinician that this person has not the skills to cope with emo¬ 
tional life. In this overcrowded, overstimulated, and under re¬ 
laxed world we live in, emotional and mental skills to deal with 
life’s stresses are essential. On top of dealing with children, 
bosses, insurance, bills, and everything else in our daily lives 


that cause stress, some of us have histories of physical abuse, 
sexual abuse, and abandonment issues that have never been 
dealt with. If you have one of these persons as a patient, often 
the daily stresses of life on top of a past history of psychologi¬ 
cal trauma is too much to handle and may well be what pushes 
a person into a chronic pain situation (2). It is suggested that 
domestic stressors be identified, especially financial difficulties 
(7). Identification of these patients is important, and clues may 
be seen as lengthy visits, frequent appointments, multiple 
phone calls, history of addiction or dependency, or increasing 
medication requirements (7). The greatest fear low back pain 
patients carry is that of abandonment (7). 

WHAT RISKS LEAD TO CHRONIC LOW 
BACK PAIN? 

A correlation between pain drawings and nonorganic signs has 
been discovered (8). Nonorganic signs are Burn’s bench test, 
axial compression tests, and other signs that appear from the 
outside as though they may be used to elicit pain from the pa¬ 
tient, but do not. High scores on the nonorganic findings cor¬ 
relate to a non 

are ones that are typically nonspecific and cover multiple body 
areas indicated with general markings. 

Socioeconomic factors are clearly implicated in CLBP (2, 
9). Three factors have been found that double the risk of 
chronicity in men and women: a monthly wage of less than 
$1000, family status of being divorced or widowed with no 
children, and older than 40 years of age doubles the risk of 25- 
year-olds (9). 

Obesity, smoking, psychological distress, and poor general 
health also carry a higher risk of low back pain. These relation¬ 
ships may or may not be causal (10). Prevention potential is 
great if adequate tools for intervention are used (10). 

Another risk factor that is showing itself in the research is 
the concept of congruency. Some LBPPs show clear breaks in 
the understanding of their conditions and the treatment. Dif¬ 
ferences, however, exist between congruent and noncongru- 
ent patients with respect to certain characteristics and behav¬ 
iors (11). Congruent patients are ones who understand what 
goals are realistic and work with the doctor to achieve those 
goals. Noncongruent patients are those who do not understand 
the doctor’s plan of care and goals and instead have their own 
goals, which often are unrealistic and typically are never 
achieved. Low socioeconomic class, compensation claims, use 
of opiates, increased disability, catastrophizing cognitions 
(thoughts), stronger emotionality, and passive coping were 
found to be more characteristic of acute and chronic noncon¬ 
gruent patients (11). In other words, some patients have their 
own agendas and fail to respond to therapy because they are not 
following the plan of care. For example, a patient may not no¬ 
tice an increase in range of motion of 60% if still experiencing 
pain. The patient may fail to see the very real improvement that 
has been achieved if pain relief is the only goal. This is where 
patient education is of paramount importance. As a physician, 
you may relieve sciatic pain for patients and they will still com- 
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plain of low back pain and say they are no better when asked 
how they feel. This is true frustration for the clinician. 

One of the identified factors associated with psychological 
problems is not working. In one study, among a blue collar 
working group, a white collar working group, and a patient 
group (nonworking), those still working did not show psycho¬ 
logical disturbance (1 2). Disability in working groups was pos¬ 
itively linearly related to severity of pain (12). In those with 
psychological disturbance, the relationship between disability 
and severity of pain was not linear (12). That may explain why 
some patients who have minor injuries turn into the disabled 
patients, whereas those with much more severe injuries are 
back to work in 3 weeks. 

Van Doom studied veterinarians older than 34 years and 
dentists older than 44 years with low back pain lasting longer 
than 14 days. He found that psychosocial issues at the start of the 
disability were significantly associated with the duration of the 
disability (1 3). Those issues tended to predict a longer disabil¬ 
ity. As a side note of financial interest, nearly 25% of all claims 
greater than 6 months accounted for 90% of the cost (13). 

A risk factor that may go unnoticed is that CLBPPs under 
laboratory-produced pain situations tended to underpredict 
pain (14). Not realizing to what extent pain exists, a patient 
will have a difficult time realizing the damage that he or she may 
be doing to the back. 

A relationship with caffeine has been found as well. CLBPPs 
patients consume twice as much caffeine as patients without 
CLBP (15). Tobacco and caffeine use can be associated with 
CLBP (15, 16). CLBPPs consumed an average 392 mg of caf¬ 
feine a day, whereas the average consumption of controls was 
only 149 mg /day (15). However, caffeine consumption was 
not found to be related to the global experience of pain and dis¬ 
ability (17). Interestingly, caffeine users were found more 
likely to smoke (17). High caffeine use may be embedded in a 
context of unhealthy behaviors (17) that may be more likely to 
predispose persons to develop chronic pain. One bad habit may 
make it easier to develop others. The more research done, the 
more we may find associations like these. As usual, these types 
of relationships are only correlated and nothing causal has been 
determined. Some of these may simply be symptoms showing 
us the warning characteristics; nonetheless, they are valuable. 

Most industrial claims have been found to be caused by mi¬ 
nor traumas such as lifting less that 50 pounds (18). The insin¬ 
uation here is that, when motivated by secondary gain, it may 
not take much for a person to claim an insignificant injury as a 
reason for disability. It has also been found in industry that a 
high incidence of LBP is related to high levels of education and 
job seniority (19). Interestingly, a low incidence of LBP is 
found in very religious persons (19). My practice runs contr ary 
to the last statement, showing once again the inaccuracies in 
science. 

Illness behavior is the way an individual perceives, evalu¬ 
ates, and reacts to symptoms. These behaviors operate on a 
continuum from hypochondriasis to complete denial (20). Ab¬ 
normal illness behaviors develop out of that continuum, and 
they have been introduced with the idea in mind that attitudes 


and behaviors of patients are a more sound way of formulating 
a diagnosis than physical symptoms alone (20). The most com¬ 
mon forms of abnormal illness behaviors (AlB) are hypochon¬ 
driasis and pain disorder. Dealing with attitudes about the pain 
is crucial along with reintegrating these people into their lives 
and removing pain from the spotlight of attention. 

A person assuming a sick role typically learns and under¬ 
stands what privileges this role allows. Furthermore, such per¬ 
sons can learn to take advantage of this, whether they feel they 
are doing it intentionally or not. The sick role grants exemp¬ 
tion from certain duties and obligations. These people have 
feelings of deserving care and are regarded as not responsible 
for the condition (i.e., they are not malingering) (20). Who 
grants the sick role? Doctors are principally responsible for 
granting the sick role (20), which leads to possible preventive 
measures from the doctor’s end. Research further supports a 
learned association between parents’ being treated for LBP and 
children’s reporting of nonspecific LBP (21). The prevalence of 
LBP in schoolchildren is high at 20% (21). These findings sup¬ 
port a learned type response passed from parent to child. 

A somatoform disorder is a psychological distress expressed 
in bodily form or physical complaint. This means of expression 
spares the person the awareness of unacceptable emotions or 
mental anguish, temporarily (20). These individuals are doing 
all they can to avoid having to see a deeper pain. Any attempt 
by the physician to point out this problem will likely result in 
anger (20). A physician will expect this, knowing that he or she 
may be the only one with the insight to point this out to the pa¬ 
tient. Anything less is doing the patient a disservice. A physi¬ 
cian may be surprised with the results of being the first person 
to suggest to the patient that more help may be available. 

The final goal for these patients is not complete resolution 
of pain. They typically do not expect that. Rehabilitation with 
a strong program teaching how to cope successfully and health¬ 
ily with the pain as it comes and goes is the final goal (20). CLBP 
is not cured. It is managed and controlled. 

Low back pain is also related to becoming overworked and 
not receiving social support from colleagues (22). Being over¬ 
worked appears to precede the LBP. Sedentary work and long¬ 
distance driving relates to low back pain occurrences (22). We 
have seen similar results when describing creep in truck dri¬ 
vers. 

Two to three percent of LBP patients become chronic, 
amounting to about 5.2 million Americans, half temporarily 
and half permanently (23). Estimates of cost are greater than 
$20 million per year (23). LBP disability from 1960 to 1980 has 
increased 14 times that of the population (23). In 1957 through 
the mid-1970s disability for the Social Security disability pro¬ 
gram increased 347% for all conditions while for back pain it 
increased 2680% (23). A final thought from that paper was that 
keeping people at work is good therapy, especially when con¬ 
sidering that those off for more than 6 months have about a 
20% chance of returning to work, and that people are unlikely 
to become disabled if they only take short times off work (23). 
Other studies have shown that return to work of those in sub¬ 
acute situations, even if they still have some pain, is good ther- 
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apy to reduce disability. Often, simply reassuring these people 
of a return to work date and staying with it gives them hope, 
which is no small part of the therapy. Short bouts of pain after 
the initial incident is normal, and the patient needs to know that 
it is normal, even expected. When it happens, as is usually in¬ 
evitable, they will not despair that they will never get back to 
work or gain relief from the pain. 

Life distress, job dissatisfaction, and conflict with an em¬ 
ployer can also lead to disability (24). From another author we 
find that lack of social support and opportunity to speak with 
the supervisor when problems arise at work does not relate to 
the experience of LBP (25). Unfortunately, no consensus is 
found on the issue of control over one’s work environment and 
how it relates to development and progression of LBP. 


WHAT PSYCHIATRIC RELATIONSHIPS HAVE 
BEEN IDENTIFIED? 

A study of early psychological trauma and how it correlates 
with the success of back surgery has been presented (26). The 
risk factors were history of childhood physical abuse, sexual 
abuse, emotional abuse, neglect, abandonment, and chemical 
dependency of a care giver (26). These factors were measured 
as either present or absent. Of those in the study with three or 
more risk factors, the success rate was a staggeringly small 
15%. Of those with zero to two risk factors, the success rate 
jumped to 73%. On the flip side of the risk factors, 19 patients 
with no risk factors had a success rate of 95%, or failure rate of 
5%. Those are good statistics! Of the 3 1 patients with zero to 
one risk factors, the success rate was still good at 87%. A final 
thought is that multiple childhood traumas may predispose one 
to developing CLBP (26). As is being found with many dis¬ 
eases, more factors are at play than we have instruments to 
measure. At this point, we can only speculate on the mecha¬ 
nisms of action. I believe that the more sensitive we get in our 
measurement of certain psychological factors, the more we will 
see how the psyche affects physical well-being and health and 
how interventions may be used successfully. 

These findings highlight a population of patients that needs 
to be identified first, followed by exhausting all conservative 
approaches before surgery is even mentioned. If surgery is fi¬ 
nally deemed necessary, one ought be prepared for a lengthy 
rehabilitation process and necessary psychological counseling 
to reach maximal improvement. 

Goldberg lends further support to the above study by show¬ 
ing that those with a history of childhood physical and sexual 
abuse had increased depression rates (27). A positive and sig¬ 
nificant relationship between depression and the abuses was 
found (27). What is suggested is that a childhood history of 
physical and sexual abuse may predispose a person to develop¬ 
ing chronic pain (27). However, the study does point out that 
thoughts today about depression point to its being a natural 
consequence of chronic pain (27) We are not yet able to estab¬ 
lish cause and effect; however, childhood abuse and depression 
are somehow strongly associated with back pain and need ad¬ 
dressing. 


In one study, 25.8% of CLBP patients reported a lifetime in¬ 
cidence of 1 2 or more somatic complaints versus 4.1% of con¬ 
trols (28). Fifty one percent of CLBPPs reported seven to 1 1 
symptoms versus 8.2% of controls (28). As can be seen, a sig¬ 
nificant disparity is found in the patients versus controls, which 
indicates a significant relationship. Further findings showed that 
with an increase in severity of somatization (reporting symp¬ 
toms) major depression and alcohol abuse showed an association 
(28). Interestingly, pain intensity was not related to an increased 
number a somatic complaints, but decreased mood and in¬ 
creased impairment were (28). Intensity of pain does not appear 
to relate to neurosis, whereas the number of complaints does. 
Once again, pain and disability are not synonymous. 

Our discussion would not be complete without exploring 
some insurance statistics. A Seattle HMO has shown that its 
most significant reported problem was LBP: 41% of reported 
claims (29). Pain conditions were found to be chronic and re¬ 
current, mild to moderate in severity, and typically did not 
limit patients’ activities (29). Comparing those with pain ver¬ 
sus nonpain conditions, the pain group had higher levels of anx¬ 
iety and depression, poorer self-rating of health status, more 
family distress, and more nonpain complaints (29). Nonpain 
complaints can take the form of depression, stiffness, fatigue, 
apathy, and so forth. One common theme in patients with psy¬ 
chological components to their condition is the reporting of 
nonpain complaints. Look for your patients with multiple com¬ 
plaints to be the more difficult ones to treat; they may need 
some degree of psychological intervention. 

One important question to be answered is what happens 
psychologically for CLBPPs once they leave your office? How 
do they interact with their families and how does that interac¬ 
tion affect the sick role some have assumed? Some definitions 
need to be explained. First, a solicitous behavior is one that 
draws a specific reaction from a person. For example, “Oh, 
honey, are you in pain again?” The question is sympathy, and 
someone who needs the attention will respond to it affirma¬ 
tively. Second, nonverbal pain behaviors can be manifested as 
facial grimaces, back holding, rubbing an injured limb, or just 
about anything else that can be done to indicate to others that 
pain is present without speaking. Spouse solicitious behaviors 
may precede and follow nonverbal pain behaviors (30). In 
other words, something like, “Honey are you still in pain,” may 
be followed by rubbing of the back, or vice-versa. On the other 
hand, nonverbal pain behavior is less likely to follow a spouse’s 
aggressive behavior (30) (i.e., the well spouse gets angry at the 
ill spouse, and one may then break up the sick role pattern). 
This study found that in couples, spouse solicitous behaviors 
preceded and followed nonverbal pain behaviors more than 
chance would have it (30). To put it briefly, the behaviors of 
those around the patient, spouses and family members, may 
unconsciously be maintaining or reinforcing the pain behavior 
or sick role that person may be assuming. For that reason, it is 
important to not place blame, simply identify and rectify these 
patterns within the family system, where applicable. 

To identify what type of psychological characteristics are 
present in chronically ill persons, Sivik studied 41 chronically 
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ill men and women. The evaluators judged that almost all of the 
patients were depressive, alexithymic, passive, and antiaggres- 
sive, and showed aggressive reaction patterns (31). Certain pa¬ 
tients showed much guilt and others, suicidal tendencies (31). 
Inter-rater reliability was found to be high (31). One main 
characteristic in these patients was denial of aggression and, as 
found in other studies, a lack of internal locus of control 
(31 — 33). Internal locus of control, as will be discussed later, is 
the sense that one has some control of his or her life. Depres¬ 
sion is a common symptom found in chronically ill people. 
Those depressed feel differently about social support and the 
quality of the family environment (34). Social support involves 
friends, family, or any groups or organizations one may turn to 
for support, such as AA, ACOA, GamAnon, Codependents 
anonymous, or any of the popular and helpful support groups 
in place today. Quality of family environment is also important 
to one’s happiness, or perceived happiness, as is one’s sense of 
well-being and health. As is growing obvious, the factors that 
contribute to chronicity are many and they interact differently 
in each patient. No one approach exists that encompasses and 
explains every situation with which patients may present. Each 
case requires an individual approach. 

After patients have had LBP for a long time and depression 
has been established to be present, these people tend to use 
more passive avoidant coping strategies (35). Such strategies of 
those depressed may include thoughts like, “It will go away” or 
“I can’t do that because it will hurt my back,” which either re¬ 
moves responsibility from the patient or justifies a nonaction 
stance. 

One common highly visible problem in our society is mari¬ 
tal dissatisfaction. Marital dissatisfaction in female CLBPPs is 
significantly associated with psychological distress; their hus¬ 
bands also feel the same (36). Interestingly, if the chronic pain 
patient is the husband, neither he nor his wife will be as dissat¬ 
isfied as if the chronic pain patient was the wife (36). In yet an¬ 
other example, as current popular psychology has stated re¬ 
cently, the differences between men and women are real and 
far reaching, and they need to be understood to give the most 
appropriate care possible. Spousal relationships can affect pain 
behavior and elicit feelings related to the pain. 

Somatization, expressing psychological needs in physical 
symptoms, is greater in patients with CLBP than their spouses 
(37). A common feeling in our society is guilt. CLBP appears 
to be the same. CLBPPs experience more guilt about having 
pain than do their spouses (37). As we have and will see, re¬ 
search has not been cohesive with its findings on this point. 
Some studies report that CLBP patients experience more in¬ 
ternal locus of control (I have control over what happens to 
me), whereas their spouses feel more external locus of control 
(I have no control over what happens to me) (37). Other stud¬ 
ies have found the opposite, stating that CLBP patients feel 
more external locus of control: they feel that their problems 
are not their responsibility but are caused by external happen¬ 
ings in their lives. Those with more internal locus of control 
take more responsibility for what happens to them and respond 
to therapy better (32, 33). They tend to look at what they do 


as the cause of pain, whereas external locus persons may feel 
their continued pain is because a physician did not fix them. 
Whatever the case, if patients want to get better they must be 
the ones to take control of their pain situation. 

As discussed, solicitous spouses tend to draw pain behavior 
from their spouses in pain. More objectively, Lousberg found 
that when on a treadmill, measuring heart beat and pain inten¬ 
sity, patients with solicitous spouses report more pain and walk 
a shorter duration in the spouse’s presence than those patients 
with relatively nonsolicitous spouses (38). This study lends 
much support to the theory that family interaction and psycho¬ 
logical influence is much more influential on behavior than 
might have been previously thought. 

To turn to more specific psychological problems we find 
that LBPPs exhibit features consistent with alexithymia and 
personality disorders (39). Another author has found that in 60 
patients with LBP, 30 with clearcut organic findings and 30 
without clearcut organic findings, the organic group showed 
symptoms consistent with a neurotic triad: hypochondriasis, 
depression, and hysteria (40). The more we study the more we 
see how the mind and body are linked in this and perhaps other 
pain conditions. 

We have behaviors to react to anything, including illness. 
How one reacts to pain and the behaviors that accompany those 
reactions may be dysfunctional in nature if they do not help the 
person cope with the problem. An illness behavior is the way a 
person perceives, evaluates, and reacts to symptoms (20). An 
illness behavior or reaction to illness can take many forms, 
ranging from hypochondriasis to complete denial (20). The 
term “abnormal illness behavior” (AIB) has been introduced to 
describe behaviors that are inappropriate for the illness. AIB 
was introduced with the thought that studying a patient’s ideas, 
attitudes, and behaviors is a more sound way to diagnose than 
basing a diagnosis on physical symptoms (20). The most com¬ 
mon forms of AIB with LBP are hypochondriasis and pain dis¬ 
order (20). 

Behaviors can develop into role patterns patients may as¬ 
sume. The sick role appears to develop out of certain behav¬ 
iors. For example, “I can’t do yard work,” “I’ll hurt my back,” 
or more subtly, before being asked to help with the yard work, 
the person moans loudly while getting out of a chair or grabs 
the back in pain when moving about the house, indicating that 
any work will cause further discomfort. Assuming the sick role, 
justified or unjustified, grants certain privileges. Some of these 
privileges are being exempted from certain duties, regarded as 
deserving of care, and thought of as not responsible for the con¬ 
dition (20). How often has a patient said, “Oh thank you doc¬ 
tor for the diagnosis, now my husband or wife won’t think I’m 
making this up.” I realize some of these thoughts are not “rocket 
science,” but grasping them consciously may help our under¬ 
standing. 

The upside to the sick role is the permitted time to heal and 
rest. The downside to the sick role is taking advantage of the 
role at home and in the workplace, leading to disability. Insur¬ 
ance companies and employers hate disability, and for good 
reason. Where does the sick role emanate from? Who decides 
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who gets to assume the sick role? Doctors do. Doctors are not 
the bystanders watching all this take place. We as physicians are 
principally responsible for granting sick roles (20). Are we part 
of the problem of increasing disability in this country? Could 
this have been headed off if we could have recognized the signs 
of someone playing the sick role inappropriately? A very defi¬ 
nite maybe. 

Somatiform disorder, which may be looked at as an AIB, is 
a condition in which a psychological distress gets expressed or 
communicated as a bodily symptom (20). By expressing dis¬ 
tress this way, the patient is temporarily spared the awareness 
of unacceptable emotions or conflicts and is granted a way out 
(20). The psychological issue appears to be too painful to deal 
with and therefore gets expressed as a physical complaint. In 
my opinion, this is what happens to the new population of fi¬ 
bromyalgia patients. Any attempt to suggest that a psychologi¬ 
cal or psychosocial issue may be involved in the condition is met 
with anger, as do referrals to therapists. At this point, reassur¬ 
ance that the pain is real is needed; however, the cause can be 
multifactorial. In my experience, these are the patients at risk 
for developing chronic pain: those who are harboring some 
type of emotional or psychological pain that is expressing itself 
through the body. Even worse is the patient who refuses to see 
that an issue must be dealt with and who attempts to make it go 
away with medication. 

HOW DO WE CARE FOR THESE PATIENTS? 

Accept the patient s experience as real. Treat the physical com¬ 
plaints, and accept a need for a transitional phase to deal with 
the psychosocial issues (20). Very few chronic patients expect 
to get 100% relief. This is not the goal. Rather, rehabilitation 
and development of healthy coping strategies are the goals 
( 20 ). 

Another study reports that nonphysical factors can be influ¬ 
encing less serious episodes of LBP (41). The course or seri¬ 
ousness of a back injury may be determined by how much press 
the injury gets (i.e., does it get reported to the employer?). 
Factors found to be influential to whether or not an injury gets 
reported on the job are feelings that the job is perceived to be 
a burden, unenjoyable, unfulfilling, and providing few assets 
(41). I have seen this point over and over again in younger men 
who have back trouble. They typically only work the job they 
do for the money or benefits, not because they like the job. 
Most of the jobs can also be linked to the cause of pain (i.e., 
heavy lifting or driving). 

Further support is lent by Burton who found that persistent 
back trouble with a history of back problems may be caused 
more by psychosocial influences than to physical or medical 
conditions (42). His feelings with regard to stopping the pro¬ 
gression to chronicity is that coping strategies need to be im¬ 
plemented so that AIBs are reduced or prevented (42). The 
physician’s goal should be to help these people cope with the 
pain and maintain as normal a life as possible. 

In the same light, but different condition, in families where 
the mother suffers chronic headaches significantly reduced in¬ 


trafamily openness is found (43). That is to say that the family 
does not share experiences with one another as families usually 
do. The pain groups in this study were less active in their leisure 
time than pain-free groups (43). 

Correlational studies comparing CLBPPs with controls has 
found lifetime depression rates to be 32 and 16%, respectively; 
alcohol abuse (which may increase the risk of developing 
CLBP) rates in CLBPPs versus controls were 64 and 38.8% 
respectively; and major anxiety disorders, 30.9 and 14.3% 
respectively (44). It was further found that late-onset mood 
disorder was common and that the initial major depressive 
episode began within the first 2 years of pain (44). It is further 
stated that men have a high risk of developing new-onset or re¬ 
current major depression throughout their pain careers (44). 
Prevalence of depression in CLBPP is three to four times that 
of the general population (45). Depression is highest in the first 
2 to 3 years after onset of CLBP (45). Substance abuse and anx¬ 
iety disorder tend to precede onset of CLBP, whereas major 
depression appears to develop before or after CLBP (46). 

Depression alone would not be such an issue if that were the 
only concern. Depression can lead sufferers to commit suicide, 
divorce, or withdraw from society. At Johns Hopkins Medical 
Center, 70% of those with CLBP divorced, and 20% had con¬ 
templated or attempted suicide (47). These are issues that need 
to be considered when deciding whether to recommend psy¬ 
chological intervention. A clinician must recognize those life- 
affecting decisions that need to be made for the patient’s best 
good. A physician may lose a patient by suggesting therapy, but 
the risk also includes saving or improving a life. 

Patients with CLBP syndrome (high levels of pain, disabil¬ 
ity, and depression) reported greater life adversity, more re¬ 
liance on passive avoidant coping strategies, and less satisfac¬ 
tion with social support (48). In the same study, patients with 
good pain control (low levels of pain, disability, depression) 
reported less life adversity, less reliance on passive avoidant 
coping strategies, and more satisfaction with social support net¬ 
works (48). A third group in this study is the positive adapta¬ 
tion to pain group, which showed less life adversity, more 
reliance on passive avoidance coping strategies, and more sat¬ 
isfaction with their social support (48). This is the group physi¬ 
cians want in the office. These people have accepted that they 
will have pain in their lives, but at the same time they take re¬ 
sponsibility for the activities that make it better or worse. This 
group does not allow pain to dictate their activities. These are 
the congruent patients. Educational efforts such as low back 
wellness school, including activities of daily living training, will 
dictate how congruent these patients are and how successful in¬ 
terventions will be. 

Many facets are involved in the diagnosis and care of pain in 
these individuals. The book is unfinished when it comes to 
which came first: psychological problems or LBP. What I hope 
to have conveyed is a sense that persons with CLBP have many 
areas of their lives affected by their pain and many reasons they 
can be trying to hide as causes of their disability. At this point 
the next logical question is how to identify these people and 
how to proceed after they are identified. 
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DIAGNOSIS AND IDENTIFICATION 

A correlation between pain drawings and Waddell’s nonor- 
ganic physical signs has been found (8). A large proportion of 
patients with high Waddell scores have nonorganic pain draw¬ 
ings (8). A nonorganic pain drawing is a pain diagram that is 
nonspecific, typically covers many body areas, and describes 
pain vaguely. If a diagram indicates use of specific symbols for 
sharp or dull or tingling, oftentimes the patient will mark these 
diagrams with haphazard lines and marks that poorly describe 
their symptoms. The pain diagram may be the first clue to look 
further for causes of pain. 

It is suggested by Sandler and Becker that domestic stressors 
must be identified, such as family, work, and especially finan¬ 
cial difficulties (5). More clues may be lengthy visits, frequent 
appointments, multiple phone calls, a history of addiction or 
dependency, or increasing medication requirements (5). These 
persons may also present with a history of childhood abandon¬ 
ment and abuse (5). 

A patient’s recall of pain is subject to overcstimation and 
inaccuracy (49). In the same study, those who relied on pain 
medication reported more emotional distress, conflict at home, 
a less active lifestyle, and inaccurate memories of pain (5). Poor 
memory of pain makes treatment of manageable conditions a 
problem because as soon as the pain is gone, so is die patient if 
not well educated to prevention. This point is explicit in demon¬ 
strating how important education is in a patient’s therapy. 

How Do People Cope with Pain? 

One obvious way people cope with pain is called “fear-avoid¬ 
ance” (50). Fear-avoidance is a means of coping in which a per¬ 
son, afraid of the possibility of returning pain, avoids behaviors 
that may produce the pain. The good thing here for the patient 
is that the pain may not return, hopefully. The problem is that 
it points on a dead-end course with disability, social with¬ 
drawal, and lack of the activities that may help the patient get 
well (e.g., exercise). The fear of the pain returning needs to be 
overcome. Abnormal illness behaviors and sick roles are cop¬ 
ing mechanisms. 

More than likely the pain will return, to some degree, at 
some point. With this likelihood pointed out to the patients, 
some will not fear the pain as much. Accepting that some pain 
is inevitable and that many activities can be done in the pres¬ 
ence of the pain begins to relay to the patient that life does go 
on. Some LBPPs use attention diversion and praying or hoping 
as coping skills (51). Another passive technique is waiting or 
hoping for the pain to go away. This may be one of the factors 
that prolongs the occurrences of low back pain. 

Good adaptation or coping was shown in one patient study 
group who experienced LBP. They were found to report less 
life stress, relied less on passive-avoidant coping strategies 
(waiting for the pain to go away and avoiding activity), and 
more satisfaction with social support networks (48). Good 
coping skills arc needed to reduce AIBs (42). What is needed is 
a change from passive to active coping, avoidance to involve¬ 


ment. Instead of sitting and waiting for the pain to go away, the 
person must actively seek help. Instead of avoiding behaviors 
that can cause pain, the patient must replace them with behav¬ 
iors that may help reduce the pain and strengthen the back. 

As a coping side note, Japanese LBP patients were found to 
be significantly less impaired in psychological, social, voca¬ 
tional, and avocational functioning (52). Specifics are not forth¬ 
coming; however, LBP and disability arc not universally expe¬ 
rienced phenomena throughout the world. 

How Are These Patients Being Treated? 

First of all, from whom do these patients seek care? One study 
reports that for acute LBP, 24% of the people sought an al¬ 
lopath, whereas 1 3% sought out a chiropractor (53). Interest¬ 
ingly only 39% of people with pain in this study sought care 
(53). Those who did seek care had more prolonged and severe 
pain and sciatica (53). Pain down the thigh and leg gets people’s 
attention! Seeking care from a chiropractor correlated with 
younger men and non—job-related pain (5 3). In this study, the 
decision to seek care was not related to gender, age, rural res¬ 
idence, or health insurance status (5 3). Other studies show 
similar results. 

Many different ways arc available to health care providers to 
treat CLBPPs. Some of the more popularly tried and re¬ 
searched methods follow. Waddell recommends that the fear 
avoidance beliefs should be considered in medical management 
of these patients (50). This may mean referral for psychologi¬ 
cal intervention. General improvement was found for the 
CLBPPs who received behavioral therapy to address issues of 
depression and decreased activity (54). 

Treating CLBPPs with intensive physical therapy and psy¬ 
chosocial training was more efficient with regard to physical 
measures of pain and disability indexes than physical therapy 
alone (55). A bolder statement has been made saying that to im¬ 
prove occupational handicap, the activities of the society as a 
whole, including social legislation and labor market policies, 
need to be examined (55). 

To take a different approach, Ruta defines what needs to 
change if quality of life is to be improved (56). Quality of life 
is defined as “The extent to which our hopes and ambitions arc 
matched by experience” (56). His approach to improving the 
quality of life is to narrow the gap between patients’ hopes and 
expectations and what actually happens (56). That can be done 
one of two ways: either change reality, or help the person align 
expectations with reality. In my opinion, the latter is much 
easier! 

Significant improvement was found in 26 CLBPPs after a 
therapy regimen of biofccdback, physical therapy, behavioral 
management, pain measurement, psychotherapy with pain 
counseling, and medication (57). Strong emotional overlay was 
found in all 26 (57). In this study and others the psychiatric 
component was viewed as the anchor of all the therapies and as 
the key to success (57, 58). Stenger states that the emotional 
component in CLBP must not be overlooked because it plays a 
vital role in successf ul treatment (46, 57). Eiscndrath concurs 
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that CLBPPs require psychological intervention (59). As in 
most research settings, conflicting information is forthcoming. 
CLBP research is no exception. In other studies, psychological 
interventions were found not to alter the standard rehabilita¬ 
tion outcomes (34, 60). 

In treating CLBPPs the placebo eff ect can be considered ef¬ 
fective. In a study of phentolamine versus placebo in reducing 
CLBP, significant reductions in pain were achieved prior to and 
in the absence of the active drug (61). As in other placebo sit¬ 
uations, we see how powerful belief can be. I believe that those 
people who know they will get better, do in fact get better. 

When conservative measures are overlooked and drug ther¬ 
apies fail as they eventually do, people are quick to choose 
surgery. When looking at surgical outcomes the picture is not 
what we would hope it to be. In two series of patients operated 
on for disc protrusion, 29% had not returned to work; worse 
yet, of the women operated on, 84% were subsequently un¬ 
employed (62). A 4-year follow-up study after low back oper¬ 
ation showed that only 39% of people had returned to work 
comparable to previous employ (63); that is, 61% of them did 
not return to work comparable to previous employ. On a con¬ 
servative note, Lindstrom found that during treatment of sub¬ 
acute LBP, returning people to work is very important in their 
rehabilitation (64). 

Considering the above surgical outcomes, it behooves clini¬ 
cians to know some ways to predict success? W ilfling et al. found 
four areas they feel are predictive of success of a spinal fusion: 
vulnerability in terms of occupational and interpersonal insuffi¬ 
ciencies, presence of ego strength resources, presence of a neu¬ 
rotic triad, and presence of minor musculoskeletal complaints 
(65). Essentially, all areas of a person’s life need to be assessed, 
even childhood (26), to get an idea of whether spinal surgery will 
be successful. Anything less appears to be a guess. However, not 
all research venues agree with that either. Gatchel et al. found 
that psychopathology did not alter the predictive value of suc¬ 
cessful return to work (66). As is usual, research does not have 
the definitive answer. More stringent criteria are needed to study 
the prevalence of LBP (67). Research is not conclusive in defin¬ 
ing the predictive values of when patients will be better. 

Long-term studies are few, but they are helpful in seeing 
whether or not people are benefitting from the therapies used. 
Gallon studied CLBPPs for 4 to 6 years. Statistics from medical 
treatment are as follows (68): 

• 56% reported they were working or ready for work 

• 58% were no longer receiving compensation 

• 62% were taking medication 

• 65% were receiving no or brief medical treatment 

• 29% perceived themselves as impaired 

Of the 48 who had surgery, 17% felt they were improving; 
however, 58% considered themselves worse! 

In a 4-year follow-up after surgery for low back pain only 
39.5% of persons had returned to comparable work (63). As 
you can see these results are less than optimal, especially for 
surgical approaches. 


Burton et al. take another approach. Their idea is to identify 
the at risk patients up front and arm them with the coping skills 
to prevent a back condition from becoming chronic (42). This 
approach may decrease the number of patients who take on the 
sick role and develop AIBs. One opinion is that rehabilitation 
improvements may be more the result of changes in pain be¬ 
havior than to the psychological ef fects of therapy (69). When 
stress, depression, and secondary gain issues were addressed, 
patients improved significantly (57). Further support for ad¬ 
dressing secondary gain is added from Sivik and Delimar’s 
study of CLBPPs in Sweden. They found that accident groups 
with minor injuries held onto the injuries longer, possibly be¬ 
cause of the liberal insurance policies in Sweden (70). Varying 
opinions abound. The approach to treating and addressing 
emotional issues is more consistently showing results than is 
not addressing those issues. 

When we look at other pain producing conditions versus 
LBP we find that a LBP group rated higher in a neurotic triad 
than a fracture group (71). The LBP group had more emotional 
and psychological issues than the fracture group. This may be 
in part because of the fact that those with fractures were rela¬ 
tively certain that in a specified time their symptoms would 
pass and life would go on as usual; most LBPPs do not have that 
same assurance. Patients with fibromyalgia syndrome (FMS) 
were found to be less likely to report pain relief than those with 
a herniated nucleus pulposus (2). 

FINAL THOUGHTS 

No one approach will satisfy all patients. Holistic approaches are 
now becoming the norm and should continue to gain popularity 
as we learn more and more about the mind-body connection. 
The more we learn of our patients, the more insights we will 
gain about how best to serve them. The future of health care will 
not be emergency medicine and heroic efforts to save lives. 
Health will become the way of life. The situation will no longer 
be what we do to avoid illness, but rather, what we do to stay 
healthy, replacing avoidance activities with proactive healthy ac¬ 
tivities. We are currently looking outside ourselves for the an¬ 
swer, the cure. This approach has and will continue to fail if our 
goals are to remain healthy. The answer to health is not remov¬ 
ing the disease, but rather, restoring the individual. 

Physicians do not heal or fix or cure. Physicians educate. 
Their job is to help set up the circumstances that best allow 
the body to heal. Once doctors learn to get out of the way and 
let the body heal, the practice of medicine will have gained 
wisdom. 
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ADDENDUM A: LITERATURE UPDATE 



The following research was added just before book production 
to give the reader the most up-to-date research information 
available on low back pain. This addendum is divided into the 
following sections: 

• Biomechanics and causes of low back pain 

• Disc 

• Incidence 

• Treatment 

BIOMECHANICS AND CAUSES OF 
LOW BACK PAIN 

Subluxation Causes Disc Herniation Pain 

The meningovcrtebral ligaments (ligaments of Hofmann) at¬ 
tach the dural sac to the posterior aspect of the vertebral bod¬ 
ies and the posterior longitudinal ligament (PLL) and could act 
as a tractive force on the dural sac in the event of nuclear bulge 
or herniation. A vertebral subluxation brought on by a disc 
bulge may place tension on the dural ligaments and, in so do¬ 
ing, place traction on the PLL and vertebral endosteum. Thus, 
reducing the subluxation will alleviate this tension and may re¬ 
duce or abolish accompanying noxious effects (1). 

Micturition Difficulties Found in 55% 
of Men at Surgery for Stenosis or 
Disc Herniation 

Fifty-five percent (n = 1 SO) of male patients who had lumbar 
disc herniation or spinal stenosis surgery had significant symp¬ 
toms of lower urinary tract micturition problems. Eighty per¬ 
cent of the patients with spinal stenosis had symptoms: 3 3 pa¬ 
tients had irritative symptoms, 36 had obstructive symptoms, 
and 2 3 had retention symptoms; 24 had severe symptoms. 
Median compression resulted in more symptoms than para¬ 
median compression. No correlation was found between age, 
compression level, drug intake, or pain score and lower uri¬ 
nary tract symptoms. 

Lower urinary tract symptoms of mixed type occur with a 
high prevalence in male patients with lumbar root compres¬ 
sion syndromes referred for neurosurgical evaluation and 
treatment (2). 

Lumbosacral Plexus Is Fixed to Sacral Ala 
with Fibrous Tissue 

The lumbosacral plexus was dissected bilaterally in 20 adult 
cadavers and showed the width of the nerve roots of the lum¬ 
bosacral plexus was greatest at SI. The L5 nerve root was the 


thickest in males, and the SI nerve root was thickest in fe¬ 
males. The fifth lumbar nerve root and lumbosacral trunk 
coursed across the sacroiliac at a level 2.0 it 10.2 cm below 
the pelvic brim and were relatively fixed to the sacral ala with 
fibrous connective tissue (3). 

Anular Tears Damage Disc Elasticity 

Four 2-year-old sheep received anterolateral incisions (4X10 
mm) in the outer one third of the anulus fibrosus of their 
L2—L3 and L4—L5 discs (lesion group). The anulus was not in¬ 
cised in another four sham-operated animals. After 6 months 
the sheep were killed, and it was found that the introduction 
of an anular lesion significantly affected the proteoglycan me¬ 
tabolism of endogenous disc cell populations. The focal deple¬ 
tion of aggrecan by anular lesions, therefore, may represent an 
important predisposing factor to the subsequent degeneration 
of these intervertebral discs (4). 

Inner and Middle Anulus Behaves As 
Nuclear Material and Has the Highest 
Intradiscal Pressure 

Intervertebral discs are probably the most common source of 
chronic low back pain. The outer anulus fibrosus has a nerve 
supply and pain may arise from abnormal mechanical stimula¬ 
tion after either posterior herniation of nuclear material or in¬ 
ternal disruption of the disc structure. 

Anulus fibrosus pressures have not been studied in propor¬ 
tion to the nuclear pressures, although the anulus contains the 
nerve endings of the disc and has the most active cells. The 
highest pressures are not in the nucleus pulposus, as is com¬ 
monly believed, but in the inner and middle anulus fibrosus, 
especially posterior to the nucleus. This is because the inner 
anterior anulus shows a hydrostatic resistance to pressure and 
thus behaves as part of the nucleus, despite its distinctly lamel¬ 
lar structure. 

Degenerative changes that most affect intradiscal stress dis¬ 
tributions cause structural defects that damage the vertebral 
body end plate because of reduced pressure in and doubling 
the size of “stress peaks” in the posterior anulus (5). 

Postinjury Healing of Anatomic Structures 
of the Lumbar Spine 

Forty-four pigs were used in six chronic lesion models: sham, 
disc anulus, disc nucleus, facet capsule, facet joint slit, and 
facet joint wedge. Three months after injury, an instrumented 
linkage was used to measure continuously the sagittal kine¬ 
matics of the L3—L4 motion segment during flexion—exten- 
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sion, with and without stimulation of the lumbar paraspinal 
musculature. Flexion-extension end point, maximal ranges of 
motion, and hysteresis were analyzed. 

Discs that received a stab incision to the anulus healed in the 
outermost anulus but not in the inner anulus, thus leaving a cav¬ 
ity. The nucleus pulposus maintained its normal form and gel¬ 
like appearance. Discs that received an incision into the nucleus 
pulposus showed signs of severe degeneration in the anulus, the 
nucleus pulposus, and the end plate. Healing occurred in the 
outermost anulus, but there was considerable disruption of the 
inner anulus in the form of irregular fissures, and the nucleus 
pulposus was fibrous and discolored. Disc height was reduced, 
and osteophytes had formed in most cases. 

With facet capsule injury, the incision into the collagen cap¬ 
sule of the facet joint induced an inflammatory process in the 
synovial cavity, resulting in discoloration of the cartilage. 

Stimulation of the nerve endings in the outer anulus of the 
intervertebral disc and facet joint capsule elicits a response in 
the lumbar paraspinal musculature, which suggests that such 
activation may have a stabilizing effect on injured or diseased 
structures by constraining the motion in the lumbar spine. It is 
plausible that the more degenerative facet and disc lesions in¬ 
duced in this study, through the complex innervation network, 
affected the surrounding musculature to stimulation. 

The lumbar paraspinal musculature is less efficient overall in 
providing stability during flexion—extension when chronic le¬ 
sions occur in the intervertebral disc or facet joints, possibly 
because of altered mechanisms in the neuromuscular feedback 
system in the degenerated motion segment and, consequently, 
in the lumbar spine as a whole (6). 

Spine Motion and Stabilization Determined 
by Disc and Facet Proprioception for 
Spinal Muscles 

The outer anulus of the intervertebral disc, the capsule of the 
zygapophysial joint, and the ligaments are innervated by a net¬ 
work of fine nerves. The sources of the nerve endings in the 
lumbar discs are the lumbar sinuvertebral nerves, the branches 
of the lumbar ventral rami, and the gray rami communicantes. 
Innervation seems to be scarce and is not uniformly distributed 
in the disc. Innervation of the zygapophysial joints, which is 
confined to the capsule, is derived from the posterior ramus of 
the spinal nerves. Each joint receives innervation from the 
nerves on the same vertebral level and from the level above and 
below. Nerve endings in the disc anulus and in the joint capsule 
have different mechanoreceptors and free nerve endings. This 
innervation network is probably part of a proprioceptive sys¬ 
tem that recruits paraspinal muscles for motion and stabiliza¬ 
tion of the motion segments. 

Using an experimental model, it was demonstrated that 
a neuromuscular interaction exists among the intervertebral 
discs, zygapophysial joints, and the paraspinal muscles. Injec¬ 
tion of physiologic saline into the facet joints, most likely caus¬ 
ing a stretching effect of the facet capsule, reduced the muscu¬ 


lar response, suggesting the existence of a complex reflex sys¬ 
tem that is responsible for the motion and stabilization of the 
lumbar spine (7). 

Stenotic Canals Are Developmental, 

Not Congenital 

An archaeological study examining two different populations 
with different nutritional habits revealed that the trefoil canals 
were more frequent in individuals with a low protein intake. 
This finding suggests that malnutrition can be a factor respon¬ 
sible for such canal transformation. 

It is well recognized that the fifth vertebra is almost com¬ 
plete in its development at approximately 5 years of age in 
terms of shape and diameter, and the fourth lumbar vertebra is 
largely mature at the age of 1. The factors that might be re¬ 
sponsible for a trefoil canal should be in effect before the mat¬ 
uration of vertebrae. Currently, little is known about the de¬ 
velopment of the trefoil canal, and satisfactory explanations for 
its existence arc lacking. It has been suggested that trcfoilncss 
may be caused by the lordosis of the vertebral canal that devel¬ 
ops after the child is able to stand. As lumbar lordosis develops, 
this triangular tube gets bent so that a trefoil canal develops. 

The results of this study suggests that (a) the trefoil config¬ 
uration of the lumbar vertebral canal is not seen in newborns; 
( b ) the canals in newborns arc dome-shaped, and (c) the trefoil 
configuration is developmental in nature (8). 

Abnormal Hydrostatic Disc Pressure May 
Accelerate Disc Degeneration 

Hydrostatic pressure influences intervertebral disc cell metab¬ 
olism. A physiologic level of hydrostatic pressure (3 atm) may 
act as an anabolic factor for stimulation of proteoglycan syn¬ 
thesis and tissue inhibitor of metalloproteinase-1 production, 
which may be essential to maintain the disc matrix. If the pres¬ 
sure were 30 atm or more or 1 atm or less, a catabolic effect 
would be predominant, with reduction of proteoglycan syn¬ 
thesis rate and increase of matrix metalloproteinase-3 produc¬ 
tion. Abnormal hydrostatic pressure, therefore, may acceler¬ 
ate disc degeneration (9). 

Nerve Ingrowth Occurs Into the Deeper 
Anulus Fibrosus Layers in Disc Disease 

In the healthy back only the outer third of the anulus fibrosis of 
the intervertebral disc is innervated. Nerve ingrowth deeper in 
diseased intervertebral disc has been reported, but how com¬ 
mon this feature is and whether it is associated with chronic 
pain is unknown. 

The finding of isolated nerve fibers that express substance 
P deep within diseased intervertebral discs and their associa¬ 
tion with pain suggests an important role for nerve growth 
into the intervertebral disc in the pathogenesis of chronic low 
back pain (10). 
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Spina Bifida Occulta Linked 
to Abnormalities 

Data exist to support the premise that spina bifida occulta 
(SBO) can be linked to urologic dysfunction and manifestations 
of tethered cord syndrome, foot deformity, and an increased 
incidence of spondylolisthesis and intervertebral disc hernia¬ 
tion. Currently, data supporting an association between epi¬ 
lepsy and SBO are equivocal. No data currently support an as¬ 
sociation of SBO with constipation (11). 

Axial Loading of Lumbar Spine Enhances 
Stenosis Diagnosis 

The diagnostic specificity of spinal stenosis increases consider¬ 
ably when the patient is subjected to an axial load. Axial load¬ 
ing of patients during computed tomography (CT) or magnetic 
resonance imaging (MRI) examinations showed pathologic fea¬ 
tures not detected in the regular, unloaded psoas relaxed posi¬ 
tion. In 29 of 84 patients with sciatica and neurogenic claudi¬ 
cation, the load provocation disclosed relative and absolute 
central spinal stenosis in 40 sites. The specificity of the spinal 
stenosis diagnosis increases considerably when the patient is 
subjected to axial loading (12). 

Functional MRI of the lumbar spine obtained in an upright 
position was compared with functional myelograms with re¬ 
gard to the sagittal diameter of the spinal canal. In addition, the 
influence of motion on the foramen was examined in various 
positions. Functional MRI in a sitting position can replace 
myelography with regard to spinal stenosis. Foraminal stenosis 
was not position dependent using this study set-up (13). 

NERVE ROOT IRRITATION RESEARCH 

Nerve Root Pressure Determines Symptoms 
and Signs 

Nerve root pressure levels involved in 2 7 consecutive disc her¬ 
niations showed the pressures varied from 7 to 256 mm Hg, with 
a mean pressure of 5 3 mm Hg. Pressure on the nerve root 
dropped to zero in all cases after the removal of the offending disc 
material. Pressures determined the clinical findings listed below. 

Patients with no neurologic deficits: Of the 27 patients, 
only 4 had no neurologic deficits. In these cases, the mean 
nerve root pressure reading was 20 mm Hg. 

Patients with neurologic deficits: Twenty-three patients 
had neurologic deficits such as muscle weakness and sensory 
disturbance. The mean nerve root pressure was 60 mm Hg 
in these cases. 

Patients with severe deficits: Four subjects had exception¬ 
ally high pressure readings (> 100 mm Hg). These patients 
had severe neurologic deficits and trunk list. 

Interestingly, no correlation was found between pressure 
readings and straight leg raising. In general, no clear patterns 


of differences in pressure readings were found among disc pro¬ 
trusions, extrusions, and sequestrations (14). 

Fibrosis and Hypervascularity Occur After 
Four Weeks of Nerve Root Compression 

Chronic nerve root compression is related to back pain and sci¬ 
atic syndromes. Nerve root constriction with an initial inner di¬ 
ameter of 2.5 mm or 3.5 mm was found to induce a significant 
reduction in nerve conduction velocity in nerve roots com¬ 
pressed for 1 week compared with the noncompresscd con¬ 
tralateral control nerve root. Nerve conduction velocity, using 
the 3.5 mm constrictor, also was reduced after 4 weeks, but 
not significantly more than after 1 week. All samples from 
compressed nerve roots showed some degree of nerve fiber 
damage as assessed by light microscopy, and severe changes 
were found in most animals. In contrast, samples from the non- 
compressed roots displayed no or slight nerve fiber damage. 
Endoneural bleeding and signs of inflammation were more 
common after 1 week than after 4 weeks in the compressed 
nerve roots. Epidural proliferation of fibroblasts and capillaries 
was observed more often after 4 weeks than after 1 week of 
compression (15). 

Proprioception Is Disturbed in Low Back 
Pain Patients 

Twenty patients with back pain and 20 without back pain were 
required to reproduce predetermined target positions, in 
standing and four-point kneeling, 10 times in 30 seconds. A 
computer screen provided visual feedback on position. Differ¬ 
ences in proprioception do exist between individuals with back 
pain and those free from back pain. Further research needs to 
be undertaken on proprioception exercise programs and their 
effect on back pain (16). 

Reflex Sympathetic Dystrophy Is Now 
Termed "Complex Regional 
Pain Syndrome" 

Pain is defined as an unpleasant sensory and emotional experi¬ 
ence associated with actual or potential tissue damage, or is 
described in terms of such damage. The primary afferent no¬ 
ciceptor is generally the initial structure involved in nocicep¬ 
tive processes. Nociceptors respond to chemical, mechanical, 
and thermal stimuli. Two main fiber types, the faster- 
conducting myelinated A fibers and the slower-conducting 
unmyelinated C fibers, are involved in the transmission of no¬ 
ciception. Damage to a peripheral nerve results in a number 
of physiologic, morphologic, and biochemical changes that act 
as a focus of pain in themselves. Reduction in food supply to 
myelinated fibers results in demyelination. This demyelination 
results in the production of ectopic impulses that can be per¬ 
ceived as a sharp, shooting, or burning pain in conditions such 
as diabetic neuropathy. 
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Nociceptive stimulation also results in a neurogenic inflam¬ 
matory response. This produces vasodilation and extravasation 
of plasma proteins as well as action on inflammatory cells to re¬ 
lease chemical mediators. These interactions result in the re¬ 
lease of a “soup” of inflammatory mediators such as potassium, 
serotonin, bradykinin, substance P, histamine, and products 
from the cyclooxygenase and lipoxygenase pathways of arachi- 
donic acid metabolism. These chemicals then act to sensitize 
high-threshold nociceptors. After sensitization, low-intensity 
stimuli that normally would not cause pain are perceived as 
painful. This series of events that occurs after tissue injury is 
termed “peripheral sensitization.” 

The sympathetic nervous system also has an important role 
in the generation and maintenance of chronic pain states. Nerve 
damage and even minor trauma can lead to a disturbance in 
sympathetic activity that in turn leads to a sustained condition 
termed a “complex regional pain syndrome” (CRPS); this now 
replaces the previously used term “reflex sympathetic dystro¬ 
phy.” Complex regional pain syndromes are associated with 
features of sympathetic dysfunction, including vasomotor and 
sudomotor changes, hair and nail growth abnormalities, osteo¬ 
porosis, and sensory symptoms of spontaneous burning pain, 
hyperalgesia, and allodynia. The dorsal root ganglion becomes 
innervated by sympathetic efferent terminals. 

Inhibitory mechanisms: Descending projections arise 
from several structures including the hypothalamus, periaque¬ 
ductal gray matter of the midbrain, locus ceruleus, ventrome¬ 
dial (nucleus raphe magnus), and the ventrolateral medulla to 
form descending inhibitory pathways. Projections from these 
rcgionsdirectly or indirectly terminate at a spinal level to mod¬ 
ulate incoming nociceptive signals. A variety of neurotrans- 
mittors have been implicated in descending inhibition. These 
include the endogenous opioid peptides ((3-endorphin, enke¬ 
phalin, and dynorphin ) as well as other neurotransmitters such 
as serotonin and noradrenaline. 

Clinical pain syndromes: Pain can arise from a number 
of structures within or adjacent to the spinal column as a result 
of fractures, tumors, infection, inflammation, and instability. 
These structures include the intervertebral disc, zygapophysial 
joints, vertebral bodies, and surrounding ligaments and mus¬ 
cles. Pain can also rise from compression and damage to nerve 
roots exiting from the spinal canal and damage to the spinal 
cord itself (17). 

The term “complex regional pain syndrome” encompasses 
causalgia and reflex sympathetic dystrophy. Symptoms of burn¬ 
ing pain with autonomic and tissue changes begin shortly after an 
injury, usually to a distal extremity. Diagnosis is based on the his¬ 
tory and the clinical findings. No confirmatory tests are available, 
although plain radiographs or a three-phase bone scan may be 
helpful in diagnosing some cases. Despite treatment, many pa¬ 
tients are left with varying degrees of chronic pain and disability. 

Because complex regional pain syndrome is relatively uncom¬ 
mon and is often misdiagnosed, its actual incidence is unknown. 
The syndrome is estimated to occur in 1 to 5% of patients who 
have sustained peripheral nerve injury. It may affect as many as 
30% of patients after Codes’ fracture or a tibial fracture. 


Clinical features include: 

1 . Pain: patients with CRPS describe their pain as constant, 
burning, aching, and throbbing. The pain usually begins 
days to weeks after the initiating incident, and it persists be¬ 
yond the time normally expected for the injury to heal. Fac¬ 
tors that aggravate the pain include changes in the tempera¬ 
ture, active and passive movement of the extremity, and 
light pressure from air currents and clothing. Emotional dis¬ 
tress or excitement can also exacerbate the pain. 

2. Tissue changes: Early in the course of CRPS, the affected 
area is warm, erythematous, and dry. In time the skin be¬ 
comes cool, cyanotic, and moist. Soft puffy edema pro¬ 
gresses to tight shiny swelling with loss of skin creases. Ac¬ 
celerated hair and nail growth occurs early in the syndrome, 
but the hair soon becomes sparse and the nails become 
grooved and brittle. With a decrease in fat pads, the digits 
become thin and pointed. As these signs progress, they be¬ 
come irreversible. Muscle spasm and wasting occur and the 
joints thicken. Eventually, patients have marked bone and 
muscle atrophy, weakness, and flexor tendon contractures. 

3. Psychologic sequelae: Depression, anxiety, and hypochon¬ 
driasis. 

Treatment is as follows: 

1 . Preventive measures: Prescribing antibiotics for secondary 
infection. 

2. Sympathetic blockade and lytic procedures: Sympathetic 
ganglion blockade with lidocaine or intravenous regional 
sympathetic blockade with guanethidine should be per¬ 
formed by an anesthesiologist or a physician experienced in 
the technique. The blocks are repeated until the symptoms 
resolve or the blocks are no longer effective. 

Chemical or surgical sympathectomy is indicated only for 
profoundly disabled patients who have responded positively 
to sympathetic blockade and have no other treatment op¬ 
tions. Pain commonly recurs within 6 to 12 months after 
sympathectomy. 

3. Pharmacologic therapy: Propanolol (Inderal) phenoxyben- 
zamine (Dibenzyline), and guanethidine (Ismelin). A cloni- 
dine patch (atapres-TTS) is applied to the sensitive area. 
Nifedipine (Adalat, Procardia) may help to relieve pain re¬ 
lated to vascular instability. 

Nonsteroidal anti-inflammatory drugs (NSAIDs): Cap¬ 
saicin cream (Zostrix) decreases pain by depleting the skin 
of the neurotransmitter substance P. 

4. Other therapies: Transcutaneous electrical neuromuscular 
stimulation (TENS) unit, implantation of a morphine pump 
or a spinal stimulator, amputation of the affected limb, psy¬ 
chological counseling, and antidepressant drug therapy (18). 

Chemical Irritant Effects on the Nerve Root 

Phospholipase A 2 was injected into the rat L4—L5 epidural space, 

and the rats were observed for 3 or 21 days. Motor weakness 
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and altered sensation were observed. At 3 days of stimulation, 
squeezing the dorsal roots at the L4—L5 disc level evoked sus¬ 
tained ectopic discharge that lasted approximately 8 minutes. 

Found in high concentration in herniated disc material, 
PLA 2 can cause nerve root injury and corresponding behavioral 
and electrophysiologic changes consistent with sciatica (19). 
Herniated cervical and lumbar disc specimens spontaneously 
produce increased amounts of nitric oxide, interleukin 6, 
prostaglandin E 2 , and certain matrix metalloproteinases. These 
biochemical agents are in some manner involved with degen¬ 
erative processes in the intervertebral disc (20). 

Application of nucleus pulposus and anulus fibrosus mater¬ 
ial to the lumbar epidural space produces different forms of hy¬ 
peralgesia (mechanical versus thermal), with different and dis¬ 
tinct histologic changes. PLA 2 and nitric oxide produced in or 
around herniated disc materials may play important roles in 
pathomechanisms of radicular pain in patients with lumbar disc 
herniations (21). Nitric oxide in a lumbar disc herniation is 
mainly produced by cells in granulation tissue around the her¬ 
niated intervertebral disc (22). 

Sympathetic Sprouting to the Dorsal Root 
Ganglion Results in Neuropathic Pain 

The time course o ( sympathetic nerve sprouting into the L4-L6 
dorsal rootganglia (DRG) of adult rats following a chronic con¬ 
striction injury (CCI) made on the sciatic nerve, or following 
sciatic nerve transection at the same site found sympathetic 
sprouting in the DRG by 4 days following CCI, paralleling the 
decreases in mechanosensory threshold and preceding changes 
in thermal thresholds. Thus, after CCI, sympathetic sprouting 
occurs with a sufficiently rapid time course for it to play a role 
in the genesis of neuropathic pain. The researchers suggest that 
the more rapid sprouting seen after CCI than after resection is 
caused by the availability of products of Wallerian degenera¬ 
tion, including nerve growth factor, to both spared and regen¬ 
erating axons following CCI, but not following resection. 

Sympathetic sprouting plays an important role in neuro¬ 
pathic pain following partial injury. No general consensus has 
been reached on the role sympathetic innervation plays in hu¬ 
man neuropathic pain. Stimulation of sympathetic efferents in¬ 
nervating the axotomized DRG caused an increase in sponta¬ 
neous ectopic discharge of sensory neurons originating within 
the DRG (23). 

ATHEROSCLEROSIS RELATED TO 
LOW BACK PAIN 

Aortic calcification level significantly correlates with the level 
of disc degeneration. Subjects in whom aortic calcifications de¬ 
veloped between examinations had disc deterioration twice as 
frequently as those in whom aortic calcifications did not de¬ 
velop. Persons with severe posterior aortic calcification in front 
of any lumbar segment were more likely than others to report 
back pain during adult life. 


Advanced aortic atherosclerosis, presenting as calcific de¬ 
posits in the posterior wall of the aorta, increases the risk for 
development of disc degeneration and is associated with the oc¬ 
currence of back pain (24). 

TROPISM 

Tropism as a cause of disc herniation is controversial—yet ju¬ 
veniles show a five times incidence over adults when disc her¬ 
niation is present. This result indicates that facet joint asym¬ 
metry is a radiologic feature of lumbar intervertebral disc 
herniation in children and adolescents. 

Farfan and Sullivan (25) emphasized that torsional stress of 
a magnitude encountered in daily activity plays a major role in 
the initiation of disc degeneration and herniation. They sug¬ 
gested that asymmetry of the facet joints is correlated with the 
development of disc herniation. Because the coronal facing 
facet joint offers little resistance to intervertebral shear force, 
the rotation occurs toward the side of the more coronal facing 
facet joint, and this possibly leads to additional torsional stress 
on the anulus fibrosus. 

Cyron and Hutton (25) demonstrated that the coronal fac¬ 
ing facet joint offers little resistance to intervertebral shear 
force, so the joint tends to rotate toward the side of the coro¬ 
nal facing facet joint, which could lead to an additional rota¬ 
tional stress on the anulus fibrosus. In contrast, Ahmed and 
Duncan (25) stated that no significant correlation exists be¬ 
tween the facet joint asymmetry and the axial torque-rotation 
response. In clinical studies, Farfan and Sullivan (25) found a 
high association between the side of disc herniation and the 
coronal facing facet joint. They also found that the tear pat¬ 
tern of the posterior anulus of 200 fresh autopsy specimens 
appeared to be related to facet joint asymmetry. Noren et al. 
(25) concluded that facet joint asymmetry is a risk factor for 
the development of disc degeneration. Hagg and Wallner and 
Cassidy et al. (25) found no difference in the distribution of 
the more coronally or sagittally facing facet joints with re¬ 
spect to the side of herniation, and that the frequency of facet 
joint asymmetry does not differ significantly, regardless of 
the presence of disc herniation (25). 

No correlation was found between degeneration of the car¬ 
tilage and a small ef fect on sclerosis of the facet joint in another 
study (26). 

In a study by Ko and Park, subjects (n = 60) were divided 
into two groups: 3 3 without disc herniation and 27 with disc 
herniation at one or more levels of lower lumbar motion seg¬ 
ments. Facet joint tropism did not play a significant role in disc 
herniation in the lower lumbar spine (27). 

DISC 

Anular Tearing without Herniation 
Causes Radiculopathy 

Pain drawings indicate that disc disruption passing into the 
outer layers of the anulus, but not resulting in deformation of 
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the outer anular wall, was as frequently associated with lower 
extremity pain as were discs with more severe disruption de¬ 
forming the outer anular wall; however, outer anular tearing 
was associated with a greater degree of aching pain. These 
findings support the notion that lower extremity pain may he 
referred from the disc (28). 

Groin Pain Incidence with Disc Herniation 

Elderly patients with L4—L5 protruding herniation of the anu- 
lus fibrosus are likely to experience groin pain. The sinuverte- 
bral nerve that innervated the posterior anulus fibrosus, the 
posterior longitudinal ligament, and the dura was indicated as 
the afferent nerve of groin pain. On MRI, more central herni¬ 
ation was noted in patients with groin pain. No significant dif¬ 
ference was seen in degeneration of the discs or extent of her¬ 
niation in the anterior and lateral direction between those with 
and without groin pain (29). 

Serum Phospholipase A 2 As a Marker of 
Disc Inflammation in Sciatica Patients 

Phospholipase A 2 activity was determined in the serum and 
discs of 31 patients (14 treated with acetaminophen and 17 
treated with piroxicam) undergoing surgery for sciatica caused 
by lumbar disc herniation. Disc phospholipase A 2 activity was 
significantly higher in cases of sequestrated discs than in other 
herniations. Disc phospholipase A 2 significantly correlated 
with serum phospholipase A 2 , and was significantly lower in 
patients treated with piroxicam than in those treated with 
acetaminophen. 

Disc phospholipase A 2 is thought to participate in the phys- 
iopathology of sciatica and to be modulated by NSAID therapy. 
Serum phospholipase A 2 is suggested as a biologic marker of 
disc inflammation in patients with sciatica (30). 

Normal Nucleus Pulposus Moves 
Differently Than Unpredictable Abnormal 
Degenerated Nucleus Pulposus 

Ten men (aged, 21 to 3 8 years) with healthy backs were posi¬ 
tioned in an MRI portal with their lumbar spine stabilized in 
flexion and extension by supporting pads. T2-weighted images 
were obtained, as was a computer- generated profile of pixel 
intensities along a horizontal middiscal transect. Mathematical 
curve-fitting regression analysis was used to characterize the 
shape of the intensity profile and to compute the point of max¬ 
imal pixel intensity. A single equation fitted the profile for all 
normal discs. The intensity peak shifted posteriorly during flex¬ 
ion and anteriorly during extension. 

It was reported that abnormal discs behave less predictably 
than normal ones. The distribution of pixel intensities observed 
in the nine abnormal discs in this study is highly variable and 
docs not fit the single equation (curve) that the researchers 
found adequate for all normal discs (31). 


Noncontained Discs Show Elevated 
Chemical Irritants 

Thirty-seven patients undergoing surgery for lumbar disc her¬ 
niation had the disc pathology of each patient classified into one 
of three groups: bulging disc, contained herniation, and non¬ 
contained disc herniation. Also during surgery, biopsy samples 
were taken from the nucleus. A significant difference was 
found in the levels of leukotriene B, and thromboxane B2 in 
contained versus noncontained disc herniation, and the highest 
concentration was found in the noncontained disc herniation 
group (32). 

Degenerated Discs Show Increased Nerve 
Supply Deep in the Disc Anulus Fibrosus 

Innervation of discographically confirmed degenerated and 
“painful” human intervertebral discs showed nerve fibers of dif¬ 
ferent diameters in the anterior longitudinal ligament and in the 
outer region of the disc. In 8 of 10 degenerated discs, fibers 
were also found in the inner parts of the disc. Substance P im- 
munoreactive nerve fibers were sporadically observed in the 
anterior longitudinal ligament and the outer zone of the anulus 
fibrosus. These findings indicate a more extensive disc innerva¬ 
tion in the severely degenerated human lumbar disc compared 
with normal discs (33). 

Extension Increases Posterior Disc Stress 

Degenerated discs show extension increases posterior disc 
stress; extension does not cause nuclear material to migrate an¬ 
teriorly. Severely degenerated lumbar discs vary in their re¬ 
sponse to extension and flexion movements with most degen¬ 
erated discs showing extension movements increase stress 
concentrations in the posterior of the disc. 

Backward bending usually increases stress concentrations in 
the posterior anulus, particularly in severely degenerated disc 
(personal communication from Michael A. Adams, PhD, and 
colleagues from the University of Bristol in England). How¬ 
ever, in about 35% of discs, backward bending led to a reduc¬ 
tion in stress, presumably because the neural arch shielded the 
posterior anulus from mechanical stress. 

Two degrees of extension increased stress peaks by 33% in 
the intact discs, and by 43% in the “degenerated discs.” How¬ 
ever, in 7 of the 19 discs, extension resulted in a completely 
different mechanical response. In these discs, lumbar extension 
decreased posterior anular stress peaks by as much as 40% (34). 

Interestingly, Adams etal. found no evidence that backward 
bending resulted in anterior migration of nuclear material (34). 

Disc Degeneration Starts in Second Decade 
of Life 

Disc degeneration starts as early as in the second decade of life. 
Therefore, early prevention of disc damage may inhibit disc de¬ 
generation and its sequelae ( 35). 
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Nutrient Deficiency May Lead to 
Degeneration of Disc 

The variable metabolite concentration found in human discs 
suggests that these concentrations may change at different 
stages of the degeneration process. One could speculate that an 
initial fall in nutrient supply would lead to a fall in oxygen con¬ 
centration and a rise in lactate concentration to a level that 
might result in cell death. Because demand would no longer be 
as high, oxygen levels would rise again to a level dependent on 
the remaining cells. A fall in end plate permeability, therefore, 
would eventually lead to cell death and high levels of intradis- 
cal oxygen. To understand this process, it is not sufficient to 
measure metabolite levels alone; measurements of cell density 
and metabolic activity as well as end plate permeability and 
blood flow are required (36). 

Right Anterior Quadrant of Disc Most 
Frequently Shows Tears 

With the exception of radiating tears, which most commonly 
affect the posterior disc, the right anterior quadrant tends 
to show abnormalities more frequently than the other quad¬ 
rants. 

Two thirds of radiating tears involve the inner anulus but 
only one fifth extends as far as the outer anulus. Radiating tears 
overwhelmingly predominate in the posterior half of the disc, 
where they most commonly involve the inner anulus, whereas 
concentric tears are more frequent in the outer and middle 
zones of the anulus of the anterior half of the disc (37). 

DURA AND LONGITUDINAL LIGAMENTS 
ARE POSSIBLE PAIN SOURCES 

An extensive distribution of nerve fibers is seen in dura and lon¬ 
gitudinal ligaments, which supports a possible role for these 
structures as a source of low back and radicular pain. Nerves 
destined for the dorsal dura may arise exclusively as branches 
of autonomic plexuses arranged around the origins of spinal 
nerve rami communicantes or they may be derived from ven¬ 
tral dural plexuses. The dorsal dura is considered to be less 
densely innervated than its ventral counterpart. Ventral dural 
innervation has been reported to be derived from the sinuver- 
tebral (SV) nerve formed by joining of spinal and sympathetic 
fibers. 

The PLL also derives its nerve supply from SV nerves of the 
sympathetic trunk and anterior branches of both the sympa¬ 
thetic trunk and the rami communicantes. Neuropeptide- 
reactive nerve fibers in the PLL have been reported (38). 

Stretching of an irritated or inflamed dura could cause low 
back pain and sciatica during straight leg raising. Herniated 
disc material that is also inflammatory can leak into the 
epidural space and cause dural irritation. An inflammatory re¬ 
sponse initiated by extruded nucleus pulposus may sensitize 
nociceptive nerve endings in the ventral dura and dural 
sleeves (38). 


INCIDENCE 

Compensation Patients Do Not Get Well 

Results of medical treatment are notoriously poor in patients 
with pending litigation after personal injury or disability 
claims, and for those covered by Worker’s Compensation pro¬ 
grams. Most exaggerated illness behavior in compensation sit¬ 
uations takes place because of a combination of suggestion, 
somatization, and rationalization. A distorted sense of justice, 
victim status, and entitlement may further the exaggerated sick 
role. Because any improvement in the claimant’s health condition may 
result in denial oj disability status in the future, the claimant is com¬ 
pelled to guard against getting well and is left with no honorable way 
to recover from illness. Adversarial systems rewarding permanent 
illness or injury, particularly self-reported pain, are often per¬ 
manently harmful (39). 

Orthopaedic Impairments Second Only to 
Heart Disease Causing Work Limitations 

According to data recently released by the National Institute on 
Disability and Rehabilitation Research, orthopaedic impair¬ 
ments of the back and neck and intervertebral disc disorders are 
among the top five chronic conditions causing work limita¬ 
tions. Heart conditions are first, causing 10.9% of all work lim¬ 
itations, with back and neck impairments, at 10.5%, a close 
second (40). 

Back Surgeries and Fusions 

The American Academy of Orthopaedic Surgeons indicates 
that the total number of disc procedures (partial or complete 
excisions) in 1994 was 317,000. The total number of spinal fu¬ 
sions in 1994 was estimated at 16 3,000 (41). 

Low Back Pain in Teenagers 

By the ages of 1 8 (girls) and 20 (boys) years more than 50% of 
teenagers had experienced at least one low back pain episode. 
A general tendency was seen for more women to report low 
back pain than men, but this difference generally was not sta¬ 
tistically significant. The study of the causes and prevention of 
low back pain needs to be focused on childhood and adoles¬ 
cence (43). 

Cost of Low Back Pain Care Increased in 
Three Years 

The term “chronic pain syndrome” has come to mean pain per¬ 
sisting for at least 3 months. Liberty Mutual Insurance Com¬ 
pany reported that the mean cost per claim attributed to the 
handling of industrial low back pain in 1986 and 1989 in¬ 
creased by more than $1500 to $8321 in that period. The me- 
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dian claim costs changed little, however, increasing from $ 391 
to $396. The single major reason for a substantially increased 
mean cost and an unchanged median cost is that low hack pain 
costs became more abnormally distributed, with a relatively 
small number of higher-cost cases accounting for a greater 
amount of the cost. These generally chronic cases have high 
rates of hospitalization, surgery, attorney involvement, and 
disability (44). 

Medical School Sees More Low Back Pain 
Patients Than a Chiropractic College 

Collaborative research by The National College of Chiroprac¬ 
tic and Loyola University Stritch School of Medicine on “Bio¬ 
mechanics of Low Back Flexion-Distraction Therapy” sought 
to evaluate the similarities and differences between chiroprac¬ 
tic and allopathic patients because of a conception that patients 
who elect chiropractic care may not be representative of the 
general population. Thirty-six percent of the 380 National 
College of Chiropractic Center patients who were screened 
had a primary complaint of low back pain, whereas 58% of the 
309 Loyola patients reported this complaint. Another inter¬ 
esting finding was that 45% of Loyola patients screened re¬ 
ported previously receiving chiropractic care (45). 

Medical Students' Physical Diagnostic Skill 
to be Enhanced 

Nearly 1500 students from eight New York City medical 
schools arc assessed annually at the Morchand Center for 
Clinical Competence at the Mount Sinai School of Medicine, 
and examination results commonly show weaknesses in the 
area of physical diagnosis. For the class of 1997, for example, 
in a standardized patient with shortness of breath, chest pain, 
and possible aortic dissection, only 4% of 1026 examinees 
evaluated blood pressures in both upper extremities, 50% 
auscultated the lungs, and 10% percussed the posterior lung 
fields. 

Mount Sinai is planning to formally incorporate physical di¬ 
agnosis teaching skills into the third-year medical school cur¬ 
riculum (46). 

TREATMENT 

Healing Time for Low Back Pain 

Less Than 50% of Low Back Pain Sufferers Are Pain 
Free in 4 Years 

Of I 51 patients interviewed 4 years after reporting low back 
pain, only 21% of the responding patients said they had been 
pain free during the follow-up period. Those responding re¬ 
ported one additional episode (7%); two to five episodes 
(36%); more than six episodes (28%); 12% no recurrence. 
Less than half of the patients in this survey were without symp¬ 


toms 4 years after the initial low back pain episode that pro¬ 
pelled them into the treatment (47). 

Most Back Pain Does Not Resolve Within Six Weeks 

The natural history of back pain has been stated to show 90% 
of cases resolving within 6 weeks; however, studies do not sup¬ 
port this. At 3 months, approximately 27% of patients are 
completely better, 28% improved, 30% had no change, and 
14% are worse or much worse (48). 

Disc degeneration and protrusion arc associated with pres¬ 
sure on the epidural venous plexus with venous dilation. This 
venous obstruction causes edema of the nerve root. This bears 
a significant relation to restriction of straight leg raising. Fi¬ 
brosis develops around and within the nerve root, and a sta¬ 
tistical relationship is found between the degree of perineural 
fibrosis and the degree of venous dilation, which, in turn, 
shows a significant relationship to neuronal degeneration. An 
important relationship is found between degenerative disc dis¬ 
ease with atherosclerosis and arterial stenosis (48). 

A controlled study showed a decrease in PLA 2 activity in de¬ 
generated herniated nuclear material compared with healthy 
disc (48). 

The complex regional pain syndrome (CRPS) includes both 
sympathetically maintained pain (CRPS-I) and causalgia (CRPS- 
II). Both can be associated with pain and paresthesia, hyper- 
pathia and allodynia, and vasomotor changes and sensitivity to 
cold. 

Increased dorsal horn activity occurs with prolonged peri¬ 
ods of discharge after the nociceptive stimulation has been 
withdrawn. This means that the pain patient may continue to 
feel pain long after the physical cause of the pain has healed. The 
dorsal horn cells develop increased sensitivity to afferent im¬ 
pulses. This can lead to the patient experiencing dispropor¬ 
tionate pain compared with the evidence of tissue damage and 
tenderness peripherally, giving rise to the phenomena of hy- 
perpathia and allodynia (48). 

First Time Back Pain in Men Continued at One Year 

A cohort of 76 men experiencing their first episode of back pain 
was assessed prospectively at 2, 6, and 1 2 months following 
pain onset. At both 6 and 12 months after pain onset, most 
(78% and 72%, respectively) of the men in the sample contin¬ 
ued to experience pain. Many also experienced marked dis¬ 
ability at 6 months (26%) and I 2 months (14%). At 1 2 months, 
no participants had worsened pain relative tothc 2-month base¬ 
line. The clinical course of first onset back pain may be pro¬ 
longed for many patients, and it involves a continuum of re¬ 
lated disability and distress (49). 

Low Back Pain Subtypes 

Of 21 3 patients evaluated for low back pain 72% had acute pain 
(< 3 months) and only 1 5% had work-related injury. The pa¬ 
tients fell into the following subtypes: acute low back strain 
(32%); radicular syndrome (28%); chronic back strain (14%); 
sacroiliac syndromes (10%); posterior facet syndrome (6%); 
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and 1 2 different syndromes (10%). Only about 10% had more 
than one clinical syndrome. Fifty-six percent of the patients 
were female; 93% were between the ages of 18 and 65 years; 
and 1 5% had a work-related injury. The average wait from ini¬ 
tial visit to physical therapy was 2.5 weeks (50). 

Fear of Work Effect 

If back-injured workers have inappropriate beliefs about the na¬ 
ture ol their problem and its relation to work, they will develop 
fear-avoidance behaviors in relation to work because of inade¬ 
quate pain-coping strategies. They then begin to function in a 
disadvantageous manner and drift into chronic disability. Once 
a worker has developed back pain, it would seem that ther¬ 
apeutic programs combining physical challenges to the back, 
together with operant conditioning, organizational changes, 
(particularly involving management), and education are more 
successful than the traditional approaches involving rest and 
work restrictions (51). 

Poorer Health Reported in Low Back 
Pain Patients 

The annual prevalence of low back pain is 48% with 24% of pa¬ 
tients consulting their primary care physician and 1 7% referred 
to a hospital specialist. Activities of daily living are restricted in 
less than half and few take sick leave. The general health status 
of those reporting recent low back pain was significantly poorer 
than those not reporting low back pain. Most felt that low back 
pain was self-limiting and would not consult health profession¬ 
als for future episodes (52). 


CHIROPRACTIC RESULTS AND OPINIONS 

Chiropractic Physicians See 40% of 
Back Pain Patients 

Patients are seeking alternative care in record numbers. Orga¬ 
nized medicine has been slow to embrace these concepts, and this 
has additionally led to the public perception that medical physi¬ 
cians are not interested in their well-being but only in their fees. 

Analysis of the spine care delivery system in the United 
States reveals two parallel systems. The first is the traditional 
medical model, servicing 60% of the market. This model has 
relied on bed rest, hospitalization, drugs, and surgery. The sec¬ 
ond is the chiropractic model, servicing approximately 40% of 
the spine market. The chiropractic model has received high pa¬ 
tient satisfaction, but questionable health and economic out¬ 
comes (53). The density of chiropractors in the United States 
is 22 per 100,000 population (42). 

Chiropractic Care of Chronic Pelvic Pain 

Nineteen volunteer female subjects meeting inclusion—exclu¬ 
sion criteria for chiropractic treatment of chronic pelvic pain 
were treated for 6 weeks with flexion distraction and trigger 


point techniques. Eighteen subjects completed the study, with 
an attrition rate of 5%. This was a first step in designing a ran¬ 
domized clinical trial and it showed that the chiropractic treat¬ 
ment has positive short-term effects (54). 

10% of Low Back Pain Claims Are 86% of 
Total Cost 

A disproportionately small percentage of the costliest low back 
pain claims (10%) was responsible for a large percentage of to¬ 
tal costs (86%), according to the Liberty Mutual Research Cen¬ 
ter. After 1 year of disability, the probability of being off dis¬ 
ability at the end of the second year is 40%; 1 2.4% of claims that 
extended beyond 3 months accounted for 88% of total costs. 

Workers off work for 1 month show approximately 50% 
will still be on Worker’s Compensation at 6 months. For dis¬ 
ability claims lasting a month or less, 79% of claim expenses 
represents medical costs and only 1 6% indemnity for lost time. 
For claims of a year or more, medical costs represented 29% of 
costs and indemnity for lost time, 67% of costs (55). 

L3-L4 Manipulation Effect on 
Quadriceps Muscle 

Manipulation to the L3—L4 motion segment resulted in a sta¬ 
tistically significant short-term increase in quadriceps femoris 
muscle strength (56). 

Malpractice Cause in Chiropractic 

Disc problems are by far the most prevalent cause of malprac¬ 
tice suits against chiropractors (29% in 1990, 26.8% in 1995). 
Most disc problems occurring in 1995 involved the lumbar re¬ 
gion (13.8%), followed closely by 12.2% in the cervical re¬ 
gion. According to Harrison, “Research shows that numerous 
malpractice claims have arisen through a technique originally 
known as the ‘million dollar roll’ and in later years as the ‘side- 
posture lumbopelvic adjustment.” Most of the cases involving 
the side posture technique were reported to follow a pattern, 
in which patients suffered from long-standing back pain ex¬ 
tending into one leg. Litigation records reveal a general ten¬ 
dency to increase the intensity and frequency of adjustments 
when patients have increasing pain. Cassidy ct al. state that “the 
treatment of lumbar disk herniation by side posture manipula¬ 
tion is both safe and effective.” Slosbcrg, however, points out: 

While it’s true, as Cassidy et al. mention, that Farfan et al. found that nor- 
trial disks withstood an average of 22.6° of rotation before failure and degen¬ 
erated discs an average of 14.3 °, these large numbers refer to “ultimate fail¬ 
ure” of the intervertebral joint. This means that the involved joint no longer 
offers any resistance to torsion. Farfan et al. commented that it may take many 
less degrees of rotation to initiate injury. 

Farfan et al. noted that: 

. . . an intervertebral joint may be injured by rotation within the small range 
of normal... the derived torque-rotation curves showed a break at 2° to 3°de- 
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grees of rotation which could be the result of anular injury; and the response 
to repeated loading indicated some change, possible injury at less than 3° of 
rotation. All of these findings suggest that the intervertebral joint may sustain 
injury at degrees of rotation of 2° to 3° (37). 

Distraction Adjustment Relieves Herniated 
Lumbar Disc 

Flexion-distraction manipulation is a treatment developed by 
James M. Cox. It is often used for lumbar disc injuries (herni¬ 
ation, bulges, and so forth), and for other low back and lower 
extremity radicular conditions. The technique involves the use 
of a specialized table that allows for passive distraction, flexion, 
lateral bending, and rotation. These different planes of motion, 
along with the use of appropriate adjunctive therapy and exer¬ 
cises, allow for reduction of symptoms attributable to lumbar 
disc syndromes. Contraindications and indications for flexion- 
distraction manipulation have been identified and enumerated. 

Flexion-distraction manipulation is a treatment that should 
be investigated as a part of the algorithm for presurgical thera¬ 
pies of lumbar intervertebral disc injuries. This alternative in 
conservative care may be of benefit to many patients. The sur¬ 
gical option for treating intervertebral disc herniations might 
be reduced with propagation of flexion-distraction manipula¬ 
tion (58). 

Patients Prefer Chiropractic Care 

Patients who “cross over” between providers for multiple 
episodes of low back pain are more likely to return to chiro¬ 
practic providers, which suggests that chronic, recurrent low 
back pain cases may gravitate to chiropractic care over time. 

The cost-effectiveness of chiropractic care over single epi¬ 
sodes as well as over long periods is particularly apparent when 
more comprehensive measures of costs and outcomes are ana¬ 
lyzed. Chiropractic patients have lower overall rates of usage, 
especially of hospital care. When combined with strong evi¬ 
dence of reported high levels of patient satisfaction, it is diffi¬ 
cult to ignore the potential of chiropractic in this nation’s 
search for strategies to help contain costs while maintaining 
high levels of patient satisfaction (59). 

Otitis Media Resolved with 
Chiropractic Care 

The average number of adjustments administered for otitis me¬ 
dia by types were acute otitis media (n = 127; 4.0 — 1 .03), 
chronic or serious otitis media (n = 104; 5.0 it 1.53), mixed 
type of bilateral otitis media (n = 10; 5.3 It 1.35), and in in¬ 
stances where no otitis was initially detected on otoscopic and 
tympanographic examination, but with a history of multiple 
bouts (n = 74; 5.88 — 1.87). The number of days it took to nor¬ 
malize the otoscopic examination was as follows: for acute 6.67 
it 1.9, chronic or serious 8.57 it 1.96, and mixed 8.3 it 1.00. 
The number of days it took to normalize the tympanographic ex¬ 
amination: acute 8. 35 it 2.88, chronic or serious 10.18 it 3.39, 


and mixed 10.9 it 2.02. The overall recurrence rate over a 6- 
month period from initial presentation in the office was for acute 
1 1.02%, chronic or serious 16.34%, for mixed 30%, and for 
none present 17.56%. The results of this study indicate that a 
strong correlation exists between the chiropractic adjustment 
and the resolution of otitis media in children (60). 

Improvement Found in Patients 
with Asthma 

A self-reported asthma-related impairment study was con¬ 
ducted on 81 children under chiropractic care. Practitioners, 
representing a general range of six different approaches to 
vertebral subluxation correction, administered a specifically de¬ 
signed asthma impairment questionnaire at the appropriate in¬ 
tervals with parents or guardians or older subjects to self-report 
perceptions of impairment. Significantly lower impairment rat¬ 
ing scores (improvement) were reported for 90.1% of subjects 
after 60 days of chiropractic care when compared with the 
prechiropractic scores. No significant differences were found 
across the age groups based on parent or guardian versus self- 
rated scores. Girls reported higher (less improvement) before 
and after care compared with boys, which suggests greater clin¬ 
ical effect for boys. Additionally, 25 of 81 subjects (30.9%) vol¬ 
untarily decreased their dosage of medication by an average of 
66.5% while under chiropractic care. Moreover, information 
collected from patients revealed that among 24 patients report¬ 
ing asthma attacks in the 30-day period prior to the study, the 
number of attacks decreased significantly by an average of 
44.9% (P <0.05). Based on the data obtained in this study, it 
was concluded that chiropractic care, for correction of vertebral 
subluxation, is a safe, nonpharmaceutical health care approach 
that may also be associated with significant decreases in asthma- 
related impairment as well as a decreased incidence of asthmatic 
“attacks.” The findings suggest that chiropractic care should be 
further investigated relative to providing the most efficacious 
care management regimen for pediatric asthmatics (61). 

POOR OUTCOME WITH PEDICLE 
SCREW FUSION 

Only one of seven randomized trials favors pedicle screws 
in posterolateral fusion surgery (62). Surgical results of 76 
patients undergoing decompression and single level fusion 
showed that instrumentation did not improve patient out¬ 
comes (63). Results of 83 candidates for one- or two-level pos¬ 
terolateral fusion randomized to instrumented or noninstru- 
mented groups (2-year follow-up) showed no differences in 
outcome or fusion rate between instrumented and noninstru- 
mented groups (64). No significant difference in pain levels was 
found in 45 patients who were randomized to decompression, 
decompression with uninstrumented posterolateral fusion, or 
decompression with instrumented fusion (minimum 2-year 
follow-up) (65). No difference in fusion rate was seen between 
instrumented and noninstrumented groups when 27 patients 
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underwent L5 laminectomy and nerve root decompression 
(66). Instrumentation did not improve functional outcome, 
pain, or fusion rate; groups did better with fusion than did 
those with physical therapy when 67 patients were randomized 
to noninstrumented fusion, instrumented fusion, or physical 
therapy (2-year follow-up) (67). Functional outcomes and fu¬ 
sion rates were similar in both groups of 1 10 candidates (single- 
level posterolateral instrumented or noninstrumented fusion): 
a slight advantage in one subgroup of instrumented patients un¬ 
dergoing supplementary neural decompression was reported 
(68). At the 1 -year follow-up, the clinical outcomes and fusion 
rates were superior in the rigid pedicle screw group of 1 24 pa¬ 
tients undergoing posterolateral fusion (uninstrumented, with 
semirigid pedicle screw, or rigid pedicle screw). This study, 
positive for pedicle screw instrumentation, was quasirandom- 
ized as the randomization protocol was broken because of bone 
quality problems in patients (69). 


EPIDURAL STEROID INJECTION RESULTS 

Epidural steroid injection treatment offers no significant func¬ 
tional benefit, nor does it reduce the need for surgery. Only 
about a third of patients report marked improvement after a 
single epidural steroid injection (70). Some believe that epi¬ 
dural injections are a valuable weapon in the sciatica treatment 
arsenal. Others believe they have a positive effect on the nat¬ 
ural course of sciatica. Another common premise for injection 
treatment is that epidural steroids help patients avoid surgery. 

Epidural steroid injections provide only short-term im¬ 
provement in leg pain and sensory deficits (70). Researchers 
randomly allocated patients (n = 158) with sciatica of 1 
month’s duration to receive an injection of either 2 mL of 
methylprednisolone (mixed with 8 mL isotonic saline) or saline 
alone (1 mL isotonic saline). The subjects received one, two, 
or three injections of the steroid or placebo over a 6-week pe¬ 
riod. They were allowed another injection at 3 and/or 6 weeks 
if they did not experience marked improvement from the first 
injection—and if they still had Oswestry Disability scores 
above 20. 

At 3 weeks, the Oswestry Disability score had improved by 
a mean of — 8 in the methylprednisolone group and — 5.5 in 
the placebo group. By 6 weeks, the only difference between the 
two groups was greater improvement in leg pain in the steroid 
group. By 3 months, no longer was any significant difference 
found between the treatment groups. 

The surgical rate in the two groups was virtually identical at 
1-year follow-up. At 12 months, the cumulative probability of 
back surgery was 25.8% in the methylprednisolone group and 
24.8% in the placebo group (70). 

Epidural Steroid Injections May Retard Disc 
Fragment Absorption 

An intriguing animal study from Japan suggests that the injec¬ 
tion of epidural steroids to quiet inflammation around a painful 
disc herniation may have an unwanted side effect: the steroids 


may retard the resorption of the herniated disc tissue. Conse¬ 
quently, treating inflammation may be a two-edged sword, if 
this study can be applied to the human situation (71). 

NSAID DANGER 

Upper Gastrointestinal Bleeding Persists 
After Discontinuing Use 

A common view of NSAID-related toxicity is that the risk of 
serious adverse gastrointestinal (GI) problems is highest in the 
early days of therapy and then wanes. Two new studies chal¬ 
lenge this conventional wisdom. According to a new cohort 
study of 52,293 subjects in Tayside, Scotland, the risk of hos¬ 
pitalization for a serious upper GI event was absolutely constant 
over a period of 2 years. NSAID toxicity persists with contin¬ 
uous exposure. Risk for upper GI bleeding persisted after pa¬ 
tients stopped taking NSAIDs. 

Serious NSAID-related gastropathy did not decrease with 
time on the drug and serious events occurred without warning. 
The relative risk of serious NSAID-related gastropathy is simi¬ 
lar for both NSAIDs and steroids (prednisone), but the combi¬ 
nation of NSAID and prednisone therapy more than doubles 
the risk (72). 

STENOSIS 
Surgical Success 

Success rates of surgical intervention for lumbar spinal stenosis 
vary, and few preoperative factors have been found to be sig¬ 
nificantly correlated to surgical outcome. 

A total of 438 patients (183 women, 255 men) who under¬ 
went decompressive surgery for lumbar spinal stenosis were 
re-examined and evaluated for outcome 4.3 years after sur¬ 
gery. Outcome was based on subjective disability, which was 
assessed using the Oswestry Disability questionnaire. 

The proportion of good to excellent outcomes of all 438 pa¬ 
tients was 62% (women, 57%; men, 65%). Diabetes, hip joint 
arthrosis, and preoperative fracture of the lumbar spine seemed 
to be associated with poor outcome. The ability to work before 
or after surgery and a history of no prior back surgery were pre¬ 
dictive of good outcome. Results suggest that clear myelo- 
graphic stenosis and no prior surgical intervention, no comor¬ 
bidity of diabetes, no hip joint arthrosis, and no preoperative 
fracture of the lumbar spine are associated with a good out¬ 
come in surgical management of lumbar spinal stenosis (73). 

LESS DISC REDUCTION IN POOR 
CLINICAL OUTCOMES 

Forty-eight patients with unilateral radiculopathy were studied: 
94% with positive tension signs and 38% exhibiting muscle 
weakness corresponding to the symptomatic nerve root. In 17 
of 22 patients, the enhanced area gradually thickened and in¬ 
truded into the migrated disc material as the size of the herni- 
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ated nucleus pulposus decreased; the herniated nucleus pulpo- 
sus disappeared in 9 and showed a marked decrease in 7 patients. 
These sciatica cases had a good clinical course. In the other 5 pa¬ 
tients in whom no changes in the enhanced area resulted, less of 
a tendency was seen for the herniated nucleus pulposus to de¬ 
crease in size and clinical results were poorer (74). 

BACK BRACE EFFECTIVENESS QUESTIONED 

A study of back pain treatment showed limited evidence that ex¬ 
ercise has some effect in preventing back pain and that education 
is not effective. No conclusive evidence was found for or against 
the effectiveness of lumbar supports (75). One low-quality ran¬ 
domized trial reported a positive effect of wearing lumbar sup¬ 
ports (76). Two low-quality randomized controlled trials found 
no effect (77). No evidence for or against the effect of lumbar 
supports currently exists because of the contradictory outcomes 
of the studies (78). 

OSTEOPOROSIS 

Osteoporosis is a skeletal condition characterized by decreased 
density (mass/ volume) of normally mineralized bone. Reduced 
bone density leads to decreased mechanical strength, thus mak¬ 
ing the skeleton more likely to fracture. Postmenopausal osteo¬ 
porosis (type I) and age-related osteoporosis (type II) are the 
most common primary forms of bone loss seen in clinical prac¬ 
tice. Secondary causes of osteoporosis include hypercortisolism, 
hyperthyroidism, hyperparathyroidism, alcohol abuse, and im¬ 
mobilization. In the development of osteoporosis, often a long 
latency period precedes the main clinical manifestation, patho¬ 
logic fractures. The earliest symptom of osteoporosis is often an 
episode of acute back pain caused by a pathologic vertebral com¬ 
pression fracture, or an episode of groin or thigh pain caused by 
a pathologic hip fracture. In the diagnostic process, the extent 
and severity of bone loss are evaluated and secondary forms of 
bone loss are excluded. A careful diagnostic workup that in¬ 
cludes clinical history, physical examination, laboratory evalua¬ 
tion, bone densitometry, and radiographic imaging allows the 
clinician to determine the cause of osteoporosis and to institute 
medical interventions to stabilize and even reverse this fre¬ 
quently preventable condition. 

Bone Mineral Density Values 

The World Health Organization has established diagnostic crite¬ 
ria for osteoporosis that are based on bone mineral density 
(BMD) measurements determined by dual-energy x-ray absorp¬ 
tiometry (DXA). A patient is classified as having low bone mass 
if the BMD measures between I and 2.5 standard deviations (SD) 
below the mean value in a young reference population. The di¬ 
agnosis of osteoporosis is made if a patient’s bone density is 2.5 
SD or more below the mean for young normal people. 

Postmenopausal (type I) osteoporosis develops in women 
who have estrogen deficiency, whereas age-related (type II) os¬ 
teoporosis occurs in men and women as their bone density de¬ 
creases with aging. 


Osteoporosis and osteomalacia are commonly confused os¬ 
teogenic conditions in adults. Whereas osteoporosis is charac¬ 
terized by a decreased density of normally mineralized bone 
matrix, osteomalacia is a qualitative rather than a quantitative 
disorder of bone metabolism. In osteomalacia, bone density 
can be increased, normal, or (most commonly) decreased, and 
bone matrix is insufficiently mineralized (79). 

Approximately 30% of postmenopausal white women in 
the United States have osteoporosis, and 16% have osteo¬ 
porosis of the lumbar spine in particular. Spinal bone density 
is positively associated with greater height and weight, older 
age at menopause, a history of arthritis, more physical activ¬ 
ity, moderate use of alcoholic beverages, diuretic treatment, 
and current estrogen replacement therapy, whereas later age 
at menarche and a maternal history of fracture are associated 
with lower levels of density. Low bone density leads to an in¬ 
creased risk of osteoporotic fractures. Fracture risk also in¬ 
creases with age. Vertebral fractures affect approximately 
25% of postmenopausal women, although the exact figure de¬ 
pends on the definition used. Recent data show that vertebral 
fracture rates are as great in men as in women but, because 
women live longer, the lifetime risk of a vertebral fracture 
from age 50 onward is 1 6% in white women and only 5% in 
white men. Fracture rates are less in most nonwhite popula¬ 
tions, but vertebral fractures are as common in Asian women 
as in those of European heritage. Other risk factors for verte¬ 
bral fractures, which are less clear, include hypogonadism and 
secondary osteoporosis. Obesity is protective of fractures as it 
is of bone loss. Compared with hip fractures, vertebral frac¬ 
tures are less disabling and less expensive, costing approxi¬ 
mately $746 million in the United States in 1995. However, 
they have a substantial negative impact on the patient’s func¬ 
tion and quality of life. The adverse effects of osteoporotic 
fractures are likely to increase in the future with the growing 
number of elderly people (80). 

Up to 20% of patients die in the year after a hip fracture. 
Only approximately 3 3% of survivors regain the level of func¬ 
tion that they had before the hip fracture. Although most ver¬ 
tebral fractures are not medically attended but are found inci¬ 
dentally on a radiograph taken for some other purpose, acute 
fractures can be painful. These fractures can lead to progressive 
loss of height, kyphosis, postural changes, and persistent pain 
that interferes with the activities of daily living; these difficul¬ 
ties, however, are mostly confined to those with severe or mul¬ 
tiple vertebral deformities. The adverse impact of vertebral 
fractures on most of the activities of daily living is approxi¬ 
mately as great as that seen with hip fractures. Only 4% of pa¬ 
tients with a vertebral fracture become completely dependent 
because of the fracture, but the negative emotional impact of 
vertebral fractures may be an even more important determi¬ 
nant of reduced quality of life. Depression increases the risk of 
osteoporotic fractures by 40% among women over the age of 
65 (83). 

The total cost of fractures may be as much as $20 billion per 
year in the United States. These costs are likely to rise in the 
future as the number of elderly people increases (80). 
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Osteoporosis Pain in Young Men 
and Women 

Bone mineral density studies are suggested for young adults in 
whom no clear underlying cause for low back pain is found. 
Thirteen female and seven male patients (mean age, 38.5 years) 
who had persistent low hack pain hut whose only obvious clin¬ 
ical or radiologic abnormality was evidence of bone deminer¬ 
alization on lumbar radiograph showed significantly diminished 
BMD of the lumbar spine on dual photon absorptiometry. 
Seven of the patients were ultimately classified as having os¬ 
teoporosis, with BMD greater than 2.5 SD below the young 
adult reference point. The remaining patients were determined 
to he osteopenic, with BMD greater than 1 SD below the nor¬ 
mal benchmark (82). Biochemically, hone-specific alkaline 
phosphatase and osteocalcin in serum arc the best markers for 
hone formation (81). 

Osteoporosis Is Treated in the 
Teenage Years 

Calcium intake is critical in the teenage years. Low calcium intake 
during adolescence has been associated with the eventual onset of 
osteoporosis in elderly women. Young girls retain more than four 
times as much calcium as women only a few years older. 

A total of 14 girls and 1 1 women signed up for “Camp Cal¬ 
cium,'’ Purdue University’s supervised diet program. Each 
participant received exactly 1 332 mg of calcium per day. The 
results: Daily calcium retention for the adolescents was signif¬ 
icantly higher than adult levels (326 mg compared with 73 mg). 

Eighty percent of bone density is genetically determined, 
and an individual can only influence about 20%. But it is worth 
working on because a 5% increase in bone mass corresponds to 
about a 40% decrease in fracture risk. The National Institutes 
of Health report that young women ages 1 2 to 19 years con¬ 
sume well below the optimal recommended levels of calcium. 
Young girls can decide today their quality of life when they are 
older: “Picture what you want to look like in 70 years. Do you 
want to he jogging or in a wheelchair?” (84). 

43% of Women Show 60% 

Low Calcium Intake 

In a University of Illinois study, 43.2% of women surveyed re¬ 
ported calcium intake below 60% of their recommended daily 
allowance—and they could he considered calcium-deficient. 
It is a crisis of national important. Further, roughly 25% of 
calcium-deficient women arc not even aware of the fact. Many 
contributing factors arc given for low calcium intake, and gas¬ 
trointestinal distress is a major one (85). 


Morbidity of Osteoporosis 

Osteoporosis is also an important cause of death among elderly 
people. Hip fractures related to osteoporosis result in death in 
up to 20% of cases. Women’s mortal ity rates from osteoporosis-rel ated 


jractures are greater than the combined mortality rates from cancers oj 
the breast and ovaries (86). The number of osteoporotic fractures 
is growing faster than the number of elderly people in the pop¬ 
ulation. Fracture treatment represents the most substantial di¬ 
rect cost of osteoporosis to the health care system. The annual 
cost of all fracture treatment in Canada is about $ 1 billion (86). 


Osteoporosis Predisposition and Treatment 

Osteoporosis is a major health and economic problem. One of 
four women and one of eight men aged more than 50 years are 
believed to have osteoporosis. Osteoporosis increases in preva¬ 
lence with age in both sexes. An estimated 1.4 million Canadi¬ 
ans are affected by osteoporosis. 

The US National Osteoporosis Foundation has estimated 
that 70% of hip fractures are the result of osteoporosis. More 
than 21,000 hip fractures were estimated to be related to os¬ 
teoporosis in Canada in 1993. 

Women’s mortality rates from osteoporotic fractures are 
greater than the combined mortality rates from cancers of the 
breast and ovaries. Up to 20% of women and 34% of men who 
fracture a hip die in less than 1 year. 

Certain conditions predispose to loss of bone and increased 
risk for osteoporotic fractures. Patients to target for investiga¬ 
tion include the following (86, 87): 


Women who have had an early menopause (aged 40 to 45 
years), premature menopause (before age 40), or bilat¬ 
eral oophorectomy before normal menopause (aged 45 to 
55 years). 

Younger women who have amenorrhea or oligomenor¬ 
rhea because of ovarian hormone deficiency states, eating 
disorders, stress, excessive or competitive exercise, hy¬ 
perprolactinemia) . 

Women not receiving ovarian hormone therapy (OHT) 
for at least 5 years after menopause. These women are 
thought to be at increased risk of osteoporotic fracture as 
a result of the accelerated rate of bone loss that occurs 
postmenopausal ly. 

Patients expected to undergo prolonged treatment (i.e., 
more than 3 months) with oral glucocorticoids. 

Patients with primary hyperparathryoidism. 

Patients with a strong family history of osteoporosis. 
Postchemotherapy patients (especially those with breast 
and hematologic cancers). 

Men who have hypogonadism for any reason. 


Nutritional Supplementation 

Calcium: The Osteoporosis Society of Canada (OSC) currently 
recommends that adults obtain 1 000 to 1 500 mg of elemental 
calcium per day for optimal bone health. 

Vitamin D: Vitamin D increases calcium absorption in the 
GI tract. Current recommended nutritional intake for vitamin 
D is 200 IU in adults aged 50 years and older. The OSC rec¬ 
ommends that people over 65 or those with osteoporosis have 
a dietary intake of 400 to 800 IU per day (87). 
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Chondroitin Sulfate Prevents Osteoarthritis 
of Finger Joints 

A significant decrease was seen in the number of patients with 
new “erosive” osteoarthritic finger joints receiving chondroitin 
sulfate: 8.8% of the patients developed “erosive” joints, where¬ 
as in the untreated group, 29.4% of the patients developed ero¬ 
sive arthritis. Chondroitin sulfate prevents “erosive” osteo¬ 
arthritis in the finger joints (88). 

Cartilage Rehabilitation 

Polysulfated polysaccharides significantly increase the synthesis 
rates and the immobilization of accumulation of aggrecan in the 
extracellular environment in vivo in osteoarthritic joints. This 
may lead to structural improvement of articular cartilage and 
to a retardation of disease progression (89). 

Calcium Plus Vitamin D Daily for 
Osteoporosis 

Participants (848 healthy, ambulatory men and women aged 65 
years or older) were randomized in a double-blind fashion to 
take daily supplements of calcium (500 mg) and vitamin D (700 
IU) or placebo. The primary outcomes measured were BMD 
and nonvcrtcbral fractures. Secondary outcomes included sev¬ 
eral biochemical measures of bone metabolism. 

A statistically significant improvement was noted in total 
body BMl) in both male and female groups compared with 
placebo. Separate measurements of the femoral neck and spine, 
however, failed to show any significant improvement in BMD 
in women. Patients treated with calcium and vitamin D also 
had greater improvements in a number of biochemical markers 
of bone metabolism. There were 37 total fractures during the 
study period, including 1 1 in the treatment group compared 
with 26 in the placebo group. 

Recommendations for clinical practice: A clinically relevant 
reduction in nonvcrtcbral fracture rates can be achieved using 
calcium (500 mg daily) and vitamin D supplementation (700 IU 
daily) in the outpatient setting in elderly, white women not 
currently taking estrogen replacement (90). 

Men Develop Vertebral Fracture As Often 
As Women 

More than 20% of white women aged more than 50 years have 
osteoporosis of the hip. The prevalence of osteoporosis of the 
lumbar spine in women older than age 50 is approximately 
16%. The lifetime risk of any fracture among white women 
from age 50 onward approaches 75%. The lifetime risk of a hip 
fracture is 17% in white women and approximately 6% in 
white men. The lifetime risk of a clinically evident vertebral 
fracture is approximately 16% among white women. 

Vertebral fractures are as frequent in men as in women. De¬ 
spite the widespread belief that osteoporosis is a disorder of 
women, recent studies from around the world indicate that the 


prevalence of vertebral fractures is as great in men as in 
women, affecting approximately one fourth of each group, de¬ 
pending on the definition of vertebral fracture used (91). 

Augmentation in Osteoporosis Fractures 

In addition to prophylactically stabilizing osteoporotic verte¬ 
bral bodies at risk for fracture, augmentation of vertebral bod¬ 
ies that have already fractured may prove to be useful by 
reducing pain, improving function, and preventing further col¬ 
lapse and deformity. 

A number of products are now available or are in clinical tri¬ 
als. The most promising products are injectable materials 
polymethylmethacrylate or mineral bone cement. The early 
clinical results using polymethylmethacrylate in percutaneous 
vertebroplasty for fractured vertebral bodies and the results in 
vitro using an injectable mineral cement for vertebral body for¬ 
tification are encouraging. Although the principle of vertebral 
body augmentation remains encouraging, data to support the 
widespread use of these techniques remain sparse, and the in¬ 
dications for their use should be more clearly defined (92). 

Diagnostic Testing for Osteoporosis 

Bone mineral density is an important component of bone 
strength. Dual-photon absorptiometry (DBA) has largely been 
replaced with dual-energy x-ray absorptiometry (DXA), which 
provides a much greater photon flux allowing for shorter ex¬ 
amination times, greater precision, improved resolution, and 
longer source life. 

Second-generation DXA machines use a fan-shaped beam of 
x-rays, which reduces the scan times to a few minutes or less, 
provide both bone density measurements and high-quality im¬ 
ages of spinal morphology that allow morphometric analysis. 
These machines may have a C-arm configuration, allowing lat¬ 
eral projection with separation of the vertebral body and pos¬ 
terior elements. The radiation dose delivered by DXA is ex¬ 
tremely low, making it the best method for measuring BMD, 
although it is still moderately expensive; currently, it is the best 
practical method for measuring BMD. 

Up to 30 or 50% of trabecular bone must be lost before vis¬ 
ible change occurs on radiographs. However, radiographs can 
reveal the presence of compression fractures and other disease 
that may or may not be related to osteoporosis. 

Certain conditions predispose to bone loss and an increased 
risk for subsequent osteoporotic fractures. In these cases, bone 
densitometry tests are clearly indicated for the following rea¬ 
sons: menopause, amenorrhea in a younger woman for any 
reason, prolonged treatment (more than 3 months) with sup- 
raphysiologic doses of glucocorticoids, asymptomatic mild pri¬ 
mary hyperparathyroidism, a strong family history of osteo¬ 
porosis or the presence of other risk factors for osteoporosis, a 
diagnosis of osteopenia on the strength of a radiologist’s inter¬ 
pretation of an x-ray study must be confirmed or denied, a pa¬ 
tient has started osteoporosis therapy and the physician wishes 
to determine whether the treatment has been effective, low 
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body weight or significant decrease in body weight since the age 
of 25, poor vision, alcoholism, amenorrhea, anorexia or poor 
dietary habits, inability to rise from a chair to standing without 
using arms, and white or Asian descent (93). 

Dual-energy x-ray absorptiometry is usually used to study 
the hip and the lumbar spine. Standard spine DXA analysis in¬ 
cludes values obtained from LI to L4 and a total value for the 
four sites combined. For each site and for the total, the area an¬ 
alyzed (expressed in square centimeters), bone mineral con¬ 
tent (expressed in grams), and BMD (expressed in grams per 
square centimeters) are reported. In the normal person, the 
area, bone mineral content, and BMD should progressively in¬ 
crease from LI to L4. Sites that do not follow this orderly pro¬ 
gression should probably be eliminated from the analysis; how¬ 
ever, the use of only one or two sites will reduce the accuracy 
of the test. It is important that identical sites be used for serial 
examinations. 

In addition, a BMD value is reported for Ward’s triangle, a 
region that reflects the cancellous bone found between the 
stress trabeculae in the femoral neck. 

Traditionally, evaluation of the spine with DXA has been 
done in the posteroanterior direction. The measurement thus 
includes all tissues anterior and posterior to the vertebral bod¬ 
ies, and several artifacts can be introduced. Prevertebral vas¬ 
cular calcifications, discogenic sclerosis from degenerative disc 
disease, and osteophyte formation from facet osteoarthritis will 
all falsely raise the measured bone density. 

In an effort to improve the accuracy of the DXA in the spine, 
lateral scanning techniques have been developed. These are 
performed with the patient supine (not in the lateral decubitus 
position), rotating the C-arm 90° to the side of the patient. 
Analysis thus excludes prevertebral vascular calcifications, end 
plate osteophytic spurs, and the posterior elements. This tech¬ 
nique is associated with inherent errors. In the patient with sco¬ 
liosis, differentiation between vertebra may be impossible. An 
overlap of the iliac wing with L4 is seen in 14% of patients, and 
the ribs overlap the L2 body in essentially all patients. 

Quantitative ultrasound is a method that has only recently be¬ 
gun to receive widespread attention in the LInited States. This 
method usually evaluates the calcaneus, incorporating two ultra¬ 
sound transducers that are positioned opposite each other (94). 
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FINITE ELEMENT MODELING 

Mathematical models of the spine arc invaluable in (a) ex¬ 
plaining the behavior of the spine in health and injury, ( b ) mak¬ 
ing predictions, and (c) suggesting theories or explanations for 
underlying diseases and treatment effectiveness. Developing 
these models by computer is necessary because of the techni¬ 
cal difficulties of conducting in vivo experiments on humans. 
The unusual complexity of the spine structure demands a step¬ 
wise approach (i.c., at each step of the development); the 
prediction should be validated in terms of those parameters 
amenable to experimental measurement. Finite element 
analysis has been widely used in predicting the states of stress 
and disc bulges in the lumbar spine. 

By far the most comprehensive finite element model was 
developed by Shirazi-Adl et al. (1 — 5) for L2—L3 motion 
segments. This model considered the detail geometry as well 
as the geometric and material nonlinearities associated wi th 
the material properties of the ground substance and the anular 
fibers of the disc. Using this model, the biomechanical re¬ 
sponses were predicted under simple as well as combined 
loading conditions that would be encountered in physiologic 
activities. LIcno and Liu (6), using similar modeling technique 
and a commercially available software package (ANSYS), re¬ 
ported on the L4 L5 joint response under axial torsional load. 
Using the Shirazi-Adl et al. (1) concept of the anulus, Rao and 
Dumas (7) developed a simpler axisymmetric model of L5—SI 
vertebra-disc-vcrtebra to conduct a parametric study on the 
material properties and biomechanical response of the spine 
under compressive loading. From these model studies, it is 
clear that the development of detailed finite clement models 
representing the lumbar segments and adding studies of bio¬ 
mechanical treatment modalities (e.g., flexion-distraction) 
represents new and practical expansion of the efforts that will 
have immediate application in the clinical management of back 
pain. The following finite element study on an L2—L3 motion 
segment under traction load is a first step in that direction. 

Model Development 

The finite element model presented here was developed at The 
National College of Chiropractic with the assistance of 
a graduate student from the University of lllinois-Chicago. An 
L2—L3 vertebra-disc-vcrtebra unit was modeled under both 
compressive and traction loading. Because the loading was in 
one direction, the deformations here remained symmetrical 
about both the sagittal and midhorizontal planes. Therefore, 
only a quarter of the vertebra-disc-vcrtebra unit needed to be 
analyzed, thus reducing computation time and cost. Figures 1 
and 2 show the finite element grid used in the modeling. 
ANSYS was the commercially available software used for this 
study. The software allowed for the modeling of the different 


materials representing the vertebra cortical shell, cancellous 
bone, end plates, anulus ground substance, anular fibers, and the 
nucleus pulposus. The model idealized the vertebrae, end 
plates, and ground substance as eight-noded, solid elements; an¬ 
ular fibers as two-noded cable elements; and the nucleus as 
eight-noded incompressible solid elements. The axial elements 
used to model the fibers of the anulus were arranged in eight lay¬ 
ers, in a crisscross pattern, making an angle of about 30 degrees 
with respect to the horizontal plane of the disc. Thus, the model 
consisted of 330 eight-node solid elements, 48 incompressible 
eight-node elements, and 208 two-node cable elements totaling 
586 elements and 532 nodes. The geometric dimensions were 
identical to those of the Shirazi-Adl et al. model (1). 

Model Validation 

The present model was validated by comparing the load- 
displacement responses with the results reported by Shirazi- 
Adl (1). The loading was implemented by means of uniform 
axial displacement in four increments of 0.2,0.5, 0.8, and 1 .1 
mm, respectively. Geometric and material nonlinearity op¬ 
tions available in the ANSYS NSTAR program were used for 
the study. Figures 3 and 4 show the present model response 
for axial displacement and lateral, anterior, and posterior disc 
bulge changes as a function of the compressive load. Compar¬ 
ison of the responses with the results reported by Shirazi-Adl 
shows good agreement between the two models. 

Response of Model Under Traction Load 

The model was studied by applying six incremental detrac¬ 
tive displacements of 0.1, 0.3, 0.5, 0.7, 0.9, and 1.1 mm. 
Figure 5 shows the load-displacement curve under compres¬ 
sion and tension. The results clearly demonstrate that the mo¬ 
tion segment is more flexible in tension compared with com¬ 
pressive load. The graph also shows the nonlinear stiffening as 
the load is increased. Figure 6 shows the predicted disc neck¬ 
ing under a tension load of 2300 N. Necking magnitude was 
found to be maximum at the anterior location, followed by 
those at lateral locations, and at the posterior location. Figure 
7 shows the load-disc necking response in tension as well as 
the load-disc bulge response in compression. It demonstrates 
the stiffening behavior of the disc in terms of disc necking, 
which was similar to the observed response in axial displace¬ 
ment. The disc necking has a less stiffening effect in compar¬ 
ison with compression. An important and dramatic predic¬ 
tion on the disc necking can be seen clearly from Figure 7. At 
tension loads of 0 to 600 N, the posterior location possesses 
the greatest necking followed next in order by the anterior 
and lateral locations. When tension load ranges from about 
600 to 1 200 N, posterior disc necking is less compared with 
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Figure 1. Finite element idealization of a vertebra-disc-vertebra unit. 


Figure 2. Boundary conditions and loading on the finite element 
model. 
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Figure 4. Disc bulge response of the finite clement model under com¬ 
pressive load. 


Figure 3. Axial displacement response of the finite element model un 
dcr compressive load. 0-0, Shirazi-Adl; *-* , present model. 
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Figure 5. Comparison of the axial displacement response of the model under tension and compressive 
loads. 
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Figure 6. A cross-sectional view of disc necking under tension load of 
2 300 N. 


the anterior; above 1 200 N of tension load, it is less than both 
anterior and lateral disc necking values. The posterior disc 
necking has the most stiffening effect. This suggests that loads 
below 600 N of traction are more effective in expanding the 
canal space for neural elements. Greater than 600 N does not 
have any added benefit. 

In summary, finite element modeling can be a valuable tool 
to predict the disc changes under distraction conditions. It al¬ 
lows less expensive and noninvasive experimentation to study 
the spine response under measured loads of flexion-distraction. 
Parametric variation and pathologies of the disc can be incor¬ 
porated into the model. In the future, work will be done to ad¬ 
dress these issues. 


INTERVERTEBRAL DISC PRESSURE CHANGES 
DURING DIFFERENT TABLE MOTIONS 

The Cox flexion-distraction procedure involves different ma¬ 
neuvers of the spinal motion segments for treating low back 
pain. The intradiscal pressure changes during distractivc ma¬ 
nipulation under the flexion motions of the table were reported 
earlier in Chapter 8. This addendum to that chapter presents 
the results for the changes in the intradiscal pressures during 
flexion, extension, lateral flexion, and circumduction motions 
of the table. 

Miniature pressure transducers (Model SPU-524, Millar In¬ 
struments, Houston) wereused for this study. An unembalmed 
cadaver of a deceased 72-year-old man was used for this study. 
The cadaver was frozen at — 20°C within 24 hours after death 
and thawed at room temperature before experimentation. 
Some paraspinal musculature was dissected to permit accurate 
insertion of the needle and pressure transducer. An epidural 
needle with stylette (1 7 gauge) was inserted into the nucleus of 
the disc (L3—L4). Then, the stylette was removed and the 
miniature pressure transducer inserted so that the pressure was 
exposed to the nucleus. The disc was pressurized with water 
using a continuous pipetting outfit connected by flexible tubing 
to a second needle in the disc. The intradiscal pressures were 
monitored during the table motions of flexion, extension, lat¬ 
eral flexion, and circumduction. Pressures were monitored 
during four cycles of table motions. Table 1 lists the mean val¬ 
ues of the intradiscal pressures before the treatment cycle and 
in the extreme position of the table motion. Figure 8 shows the 
change in the intradiscal pressure variations as a function of 
treatment duration. 

A decrease in intradiscal pressure was observed during the 
flexion motion of the table. Pressures increased during the 
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Disc Bulge or Necking vs. Force 
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Figure 7. Comparison of disc necking under tension load versus disc bulge under compressive load. 


Table 1 


Mean Intradiscal Pressures (mm Hg) 
During Low Back Treatment 
Procedures (Joint L3—L4) 


Pressure in Pressure in Change 

Initial Prone Distracted in 


Table Motion 

Position 

Position 

Pressure 

Flexion 

228 

-19.5 

247.5 

Extension 

228 

1250 

1022 

Right lateral 
flexion 

226 

747 

521 

Left lateral 




flexion 

226 

-151 

377 

Right lateral 
circumduction 

240 

5 30 

290 

Left lateral 




circumduction 

240 

-120 

360 
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Intervertebral Disc Pressure Changes 
During Low Back Treatment Procedures 



Figure 8. Intradiscal pressure changes during different table motions. 


extension motion of the table, particulary during the right lat¬ 
eral motion, whereas the pressures decreased during the left 
lateral motions of the table. During circumduction, the pres¬ 
sures decreased during the left lateral and flexion motions, 
whereas they increased during right and flexion combined 
motions. In all of the motions, the pressures returned to their 
original values when the spine was brought back to the initial 
prone position. One reason for the increase and decrease dur¬ 
ing lateral motions was that the transducer was inserted 
somewhat right laterally from the center of the disc. The re¬ 
sults clearly show that the pressures changed during different 
therapeutic motions of the table, with the greatest increase 
observed under extension. Although this study was limited to 
one cadaver, the results are interesting and additional studies 
with more cadavers and studies on animals can give further 
insight into the changes in the pressures at different regions 
of the spine. 
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tears of, 31 — 32 

disc protrusion and, 5 1 
discography of, 396—405, 396—408 
low back pain and, 49—51 
MR I of, 416 
pain and, 379—381 
Apophyseal joints 
anatomy of, 79 

ligaments of, resistance to flexion by, 91 
load-bearing by, 78 
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calf measurement for, 440, 440 
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Autoantibodics, in rheumatic disease, 513 514, 5/4, 514t 
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disc degeneration and, 49 

Automated distraction adjustment, 305 310. See also Cox distraction tech¬ 
nique, automated distraction adjustment in 
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Axial loading test, 445, 446 
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Axoplasmic transport, 132 136 
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Back sprain/strain, 384, 38 5 

Cox distraction for, 31 11— 31 3t, 322, 323 
diagnosis of, 384, 38 5 
vs. disc disruption, 31 
Bacterial endocarditis, 478 

laboratory evaluation in, 522 52 3 
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Basic fibroblast growth factor, for disc dehydration, 551 
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Big toe. .See Crcat toe 
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Bone marrow study, in multiple myeloma, 519 
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alkaline phosphatase and, 51 1 
laboratory evaluation of, 520 
in melanoma, 478 
pain in, 377 378 
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CASH, 336, 336 
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Taylor, 334, 33 5 
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for disc herniation, 333 
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indications for, 333—334 
orthoses in, 334 336, 334 -336 
principles of, 333 
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candlewax, in Foresterier’s disease, 464, 465 
disc herniation, 474-476, 477 
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Congenital hip dislocation, 485 
Congruency, 680—681 
Conjoined nerve roots, 473, 473, 474 
Connective tissue, physical therapy effects on, 7 
Conservative treatment 
algorithm for, S80—S8I 
duration of, 568 
imaging changes on, 5 57—558 
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contraindications to, 292 293 
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duration of, 273, 274, 288-290, 297, 3251 
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results of, 31 11 31 31, 316, 317 
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history of, 1 3 
vs. hospitalization, 273 
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imaging for, 290 
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for lumbar spine sprain/strain, results of, 31 It 31 3t, 222, 222 
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nonresponse to, patient options for, 288-290 
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pain production on, 29 3-294 
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positioning in, 291 292, 292, 292, 294, 294—295 
for antalgic lean, 296, 296 
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pre- and postdistraction adjustment care in, 328 
range of motion adjustment in, 298—301 
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extension, 301 ,301 
flexion, 298, 298-301 
rotation, 300, 300, 301 
re evaluation during, 448 
rehabilitation and, 288 
research grants for, 12 13 
response to, phases of, 297 

sacroiliac joint distraction adjustment in, 304, 304—305, 305 
for sciatica, 295, 295 297, 296 

scoliosis distraction adjustment in, 303, 303—304, 304 
side lying, 296, 296 

side lying circumduction adjustment in, 303, 303 
side lying extension adjustment in, 302, 302 
side lying flexion adjustment in, 301—302, 302 
side lying lateral flexion adjustment in, 302 — 303, 303 
for spinal stenosis, 200, 282—284 
spinous process contact in, 298, 298 
for spondyloarthrosis, results of, 31 It 31 31, 2/4, 2/5 
for spondylolisthesis, 305, 205, 641-643, 642, 642, 645—649 
results of, 3111— 31 3t, 3/8, 319 
spondylolisthesis distraction adjustment in, 305, 205 
tetanic current application after, 3 3 3, 222 


for thoracic disc herniation, 582 583, 583 
tolerance testing in 

of ability to withstand distraction movements, 292, 293 294 
of lumbar motion segment, 292 293 
traction contraindications in, 292™293 
for transitional segment, results of, 31 It—31 3t, 222, 222 
trigger point therapy for, 328, 229 
Cox pain classification, 446- 449 
Cox’s sign, 438, 438—439 
C-reactive protein, 510 
i n discitis, 510 

in polymyalgia rheumatica, 5 21 
Crossed femoral nerve stretch sign, 450 
Cryotherapy 

after Cox distraction, 3 30, 331, 3 32 
for spondylolisthesis, 644, 644 
CT. See Computed tomography (CT) 

CT myelography, 408, 409 
Cushing’s syndrome, 520 
Cyst 

aneurysmal bone, 497—498, 498 

Baker’s, tibial nerve compression from, 483 

ganglion 

intraneural, 478 

of posterior longitudinal ligament, 480 
lumbar synovial, 492, 492, 493 
sacral Tarlov, 471 473, 472 
Cystic meningioma, 481-483, 482 

Cystitis, interstitial, L5 nerve root compression and, 162 
Cytokines, in low back pain, 145 

Dallas classification, for discography, 381, 38 It, 396 
Dead bug track, 669-670, 670 

Decompressive laminectomy, for spinal stenosis, 195-197 
Deep pain, 144 

Degenerative spondylolisthesis. See Spondylolisthesis, degenerative 
Demographics, 527 
Depression, 679, 684 

drug therapy for, 337-3 39 
Dermatome(s), 55, 57 

L5, dysesthesia of, 418t, 41 9 
pin wheel examination for, 441 ,441 
Dermatome mapping, 421 
Diabetes mellitus 

decompressive laminectomy in, 197 
spondylolisthesis in, 617 
Diabetic radiculopathy, 480 

Diagnosis. See a Iso Specific conditions and techniques 
f rom clinical findings, 422 

computed tomography in, 407—416. See also Computed tomography (CT) 
correlation of findings in, 446-448 
correlative, 448 

Cox protocol for, case studies of, 454—462, 454 463 
criteria for, 418t, 419^-21 
discography in, 392—406. See also Discography 
history in, 42 3 - 424 

magnetic resonance imaging in, 407^416. See also Magnetic resonance 
imaging (MRI) 

motor assessment in, 41 81, 41 9—420, 420 
pain assessment in, 423, 423—424 
pain onset in, 417 418 
physical examination in, 419—420, 424 446 
pressure algometry in, 452 -454 
recommendations for, 422 42 3 
thermography in, 452 

Diagnosis related groups (DRGs), for osteopathic manipulative 
treatment, 8t 
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Diagnostic biomechanics, 382 384 

Diagnostic imaging. See Imaging and specific techniques 

Dialysis, spinal stenosis and, 195 

Diff use idiopathic skeletal hyperostosis, 464 -466, 465, 466 
Disability payments, return to work and, 553-554, 681 
Disability scales, 534 
Disc 

age-related changes in, 66, 70 
anterior, nociceptors in, 33 
articulation of , 69, 73 

blood supply in, end plate receptors and, 25 
bulging, diagnosis of, 446 
cadaver transplant, 551 
centrode location in, 68—69, 68—71 
circulation in, 48 49 

compression effects on, 34-35, 51, 69 70, 71-74, 75, 75 
compression resistance of, 78, 79, 92 
contained, 52 

vs. noncontained, 449 
distraction effects on, 282 
extension effects on, 276, 276—277, 277 
flexion effects on, 78 79, 276, 276, 277, 280 
flexion resistance of, 78 
innervation of, 26 27, 27, 32 
L3-L4, osteomyelitis of, 484, 484-485, 485 
load bearing by, 34 35, 51,71-74,75, 75 

during flexion-distraction manipulation, 264—271, 265-267, 

269 271 

mechanics of, 78 79 
posture and, 78 

load-bearing components of, 35 
noncontained, 52 
vs. contained, 449 
nutrition in, 341 343 

end plate receptors and, 2 5 
exercise and, 342 
smoking and, 343 
osmotic principles of, 79 8 1 

as pain source, 21 22, 25 26, 28, 29, 31, 33—34, 36-37, 382—384, 
388 = 392, 388 292,407,566 
pain-sensitive structures in, 29 30, 20 
pressure in. See Intradiscal pressure 
resistance of 

to compression, 77, 78, 78, 79, 92 
to flexion, 78 
to force, 77—78, 78 
to rotation, 82 84, 95, 83-85 
to shear force, 71 73, 77 
rotation of, 69-70, 72. 74, 75, 76, 80 
resistance to, 82 84, 83-85, 95 
rotational stress on, 593 
shear resistance of, 71—73, 77 
sitting ef fects on, 79, 80 
torsional vs. compressive injury of, 97—100 
transplantation of, 551 
wandering, 387, 387 388 
water content of, 51 
weightbearing load on, 34 35 
Disc biomechanics, 51 56, 51-58 
radiography of, 56—64, 61- 65 
Disc calcification, thoracic, in children, 580 
Disc degeneration 

abdominal aortic atherosclerosis and, 25, 26 
in adolescents, 107 
age-related, 66, 70 
amyloid in, 107 

anulus fibrosus in, 108 109,279 280 


biochemical changes in, 107 

biomechanical factors in, 34 

chemical sensitization and, 29, 30 31,48, 49, 50 

classification of, 381, 381, 3811 

decreased nuclear pressure in, 112 

Discat for, 341 

disc-facet relationship in, 28, 33-34 

discogram findings in, 51, 102t, 102—103 

end plate and bone marrow changes in, 105 

end plate failure in, 109 

facet changes in, 66, 67 

facet orientation and, 47 

imaging of, 41 1 -41 3, 413 

immunologic factors in, 45 

interleukin-1 in, 107 

joint laxity and, 1 05 

lactate levels in, 107 

leg pain and, 21 22, 417. See also Leg pain; Sciatica 

level of, determination of, 104, 104 -105 

lipofuscin in, 107 

literature update for, 693 695 

magnetic resonance imaging of, 109 

morphologic changes in, 107—108, 108 

vs. muscle strain, 3 1 

nerve root compression in, cadaver studies of, 36 

normal x-ray of with abnormal MRI, 490, 491 

nutritional factors in, 106, 340, 458—459 

obesity and, 2 5 

onset and course of, 381, 381 

osteophytes in, 108—109 

pain in, 21 22, 388 392, 388 392, 290—292. See also Low back pain 

pathogenesis of, 565 

pelvic disease and, 4 1 7 

pressure vs. load in, 34 

proteoglycan loss in, 106, 106, 107, 340 

rotational movement and, 34, 101 

spondylolysis and, 5 1. See also Spondylolysis 

spondylosis and, 33 

stages of, 67, 6 7 

subdiscal bone changes in, 109 

tall stature a nd, 2 5 

tissue regeneration in, 106 

vascular changes in, 1 08 

weightbearing and, 35—36 

Disc disease. See also Disc degeneration; Disc prolapse 
biomechanical processes in, 50 
diagnosis of. See Diagnosis 
grading of, 186-187, 187 
level of, 55—56 

literature update for, 693-695 

motor changes in, 41 8t, 419—420, 420 

nucleus pulposus motion in, 102 

posture and, 416 

sciatic scoliosis in, 449, 450 

smoking and, 343, 379. See also Smoking 

spinal stenosis and, 1 79 

stages of, 67, 67 

vs. tumors, 423t 

Disc extrusion, on discography, 51 

Disc herniation, 52—54, 5 2 56, 67, 6 7 
acute, treatment of, 566 
age and, 529 
anular tears and, 5 1 
asymptomatic, 170, 171 
bracing for, 333 
calcified, 474—476, 477 
case studies of, 570—577, 570—578 
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1 )isc herniation Continued 
in children, 378 379 
incidence of , 5 30 
treatment of, 5 30 5 31 

classification of, by intravcrtebral location, 45/ 

computed tomography of, 152 156, 1 531, 1 53— 1 56, 407, 407, 

41 2- 41 3. See also Computed tomography (CT) 

Cox distraction for, 280 284, 295—301,295-50/. See also Cox distrac¬ 
tion technique 

results of, 3 1 It 31 31, 320,321 
definition of, 416,417 
diagnosis of, 447 

ease studies of, 454 461,454 46/ 
vs. disc protrusion, 41 8t 

discography of, 5/, 396 401, 296- 401, 405,406 
dorsal root ganglion compression by, sciatica and, 149 150 
extension effects on, 276, 276—277, 277 
extra!oraminal, 451 -452, 452, 454, 458-459, 460 
extreme lateral, 535 

far lateral (foramina!), 450, 450 454, 45/, 4521, 452 

flexion effects on, 276, 276, 276—277, 277 

gas-containing, 480 

hypervascularity in, 108 109 

intradiscal pressure and, 280 

intradural, 452 

lateral vs. medial, sciatic scoliosis and, 449, 450 

leg length inequality and, 1 18 

leg pain and, 417 

low back pain and, 30 31, 31 

magnetic resonance imaging of, 406—416. See also Magnetic resonance 
imaging (MRI) 
natural course of, 532 534 
nerve liber compression in, 141 143, 142 

nerve root compression in, 149 
neuroanatomic findings in, 1 7 23 
outcome predictors in, 529 530 
pathomcchanism of, 38 1 382 ,381 383 
posture in, 56 58, S8 
principles of, 416 -417, 417 
vs. prolapse, 418t 
recurrent, vs. scar tissue, 449, 5 36 
reduction of 

clinical correlates of, 558, 560 -562, 560-562 
Cox distraction for. Sec Cox distraction technique 
flexion distraction manipulation for. See Flexion-distraction manipula¬ 
tion 

imagingof, 557, 5 57 558, 552, 560-562, 560-562 
mechanisms of, 5 59 
pain relief from, 150—152, 1S0—1S2 
with spinal manipulation, 555 
symptom relief and, 284 
Schmorl’s nodes in, 109 
scrotal pain and, 2 1 
sequestration in, 109 
size of 

assessment of, 560 

clinical correlates of, 557—560 

spinal stenosis and, 186, 188, 188 189, 190, 198, 199, 199—200 
in thoracic spine, 198 
with spondylolisthesis, 6 31 
spontaneous regression of, 500, 501,50/ 
surgery for. See also Surgery 
thoracic 

in children, 582 
diagnosis of, 449, 581 — 582 
incidence of, 578—580 
symptoms of, 580 581 


treatment of, 582—583 
3-month healing period for, 297 
transdural, 561 562, 562 
transitional segment and, 2 39, 244—246, 245 
treatment options for, 261 

treatment-related changes in, imagingof, 5 57 558 
upper lumbar, diagnosis of, 449-450 
vcrtebrogenic symptoms of, 3 2, 32 
Disc implants, artificial, 5 50—5 51 
Disc infection 

erythrocyte sedimentation rate in, 510, 5 1 Ot 
laboratory evaluation in, 5/7, 517 518 
Disc injury 

from low back exercises, 1 01 
rotational, 41 

vs. compressive, 41,97 100, lOOt 
Disc metabolism, flexion effects on, 277 
Disc prolapse, 52—54, 5 2—56. See also Disc herniation 
chemical irritation of nerve root from, 49 
definition of, 384, 417 
principles of, 417 
sagittal facets and, 43-47 
stages of, 36, 26 

Disc protrusion. SeeDisc herniation 
Disc resorption, mechanisms of, 5 59 
Disc surgery, indications for, 407 
Disc transfer, 5 5 1 
Discat, for disc degeneration, 341 
Discectomy. See also Surgery 
arthroscopic, 5 50 
complications of, 535—536 
disc contour after, 5 59 
laser, 5 3 5 

microdiscectomy, results of, 537 
percutaneous 

indications for, 534 
MRI findings on, 5 59 
results of, 537 
results of, 5 3 5 
scar tissue from 
pain and, 5 59 
vs. recurrent disease, 449 
Discitis 

erythrocyte sedimentation rate in, 510, 5 10t 
laboratory evaluation in, 5 / 7, 5 1 7 518 
Discogenic spondylosis, 66 
Discography, 392-406. See also Imaging 

abnormal findings on, 51, SI, 396—401, 296—405 
age and, 51, 521 

case studies of, 402 405, 403—40S 
complications of, 405 
with computed tomography, 382, 384 
Dallas classification for, 381, 381 1 , 396 
for extraforaminal disc fragmentation, 394 
indications for, 405 406 
vs. MRI, 392-394, 292, 294 
normal findings on, 396, 296, 299 
pain on, 405 
pain relief from, 394 
results of, classification of, 381 
in spondylolisthesis, 629, 630 
Dislocation, congenital hip, 485 

Distraction adjustment. See also Cox distraction technique; Flexion-distrac¬ 
tion manipulation 
for acute herniation, 566 
biomechanical effects of, 564—566, 564-566 
cauda equina syndrome and, 10 
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certification in, 3 
cervical, evolution of, 3 
complications of, 9 10, lOt 
contraindications to, 567 
costs of, 9—10 
disc effects of, 282 
effectiveness 

government endorsement of, 12 13 
history of, 1 3 

indications for, 10—1 1, 288, 289—291 

literature on, 3-4 

maturation of, 3 

vs. mobilization, 5 6 

purposes of, 566—567 

research grants for, 12—13 

rule of three for, 567 

safety of, 1 1 

screening for, 288, 289—291 

for spondylolisthesis, 305, 305, 641—643, 6 42, 643, 645—649 
theories of, 564—566, 564—566 
training in, 1 3 

for visceral conditions, 10, lOt 
Diurnal height, loss of, low back pain and, 2 5 
Divorce, 683, 684 

Doctor-patient interaction, 683—684 

Dorsal fat pad, flexion-extension effects on, 89—90, 90, 92, 93 
Dorsal nerve roots. See Nerve root(s) 

Dorsal ramus damage, failed back syndrome and, 536 
Dorsal ramus entrapment, iliac crest and T1 1-L1 pain and, 28—29 
Dorsal ramus irritation, sources of, 27—28 
Dorsal root ganglia 

anatomy and physiology of, 131 — 132, 132—134, 132—136 
cells of, 178 

changes in, radiculopathy and thermal hyperalgesia and, 132—143 
chemical irritation of, 143—148 
circulation and protein synthesis in, 1 32 1 36 
in claudication, 140 
compression of, 147—150 
diagnosis of, 449 
sciatica and, 149 150 
in groin pain, 140 
hypoxia in, 148 

in low back pain, 1 32 143, 1 38-141,286—288, 287 
pain sensitivity of, 286—288 
positions of, 131 132, / 32 134 
in sciatica, 140 
size and location of, 286 
in spinal stenosis, 178 
substance R in, 140—141, 145 — 146, 150 
types of, 134 , 135 
vulnerability of to injury, 34 
Dorsal root gangliectomy, for sciatica, 1 50 
Dorsal sacroiliac ligament, 2 14—215,2/6,2/7 
Dorsalis pedal artery, assessment of, 442, 443 
Dorsiflexion 

of foot, 418t, 419, 439, 439 
of great toe, 418t, 419, 4 3 9, 439 
Double crush syndrome, 159—160 
DRGs, for osteopathic manipulative treatment, 8t 
Drug therapy. See also Specific drugs and drug families 
complications of, 336—339 
effectiveness of, 3 36—3 37 
in elderly, 339 
indications for, 3 36—337 

Dual dermatome treatment, for sciatica, 568, 569 
Duodenal ulcers 

nonsteroidal anti-inflammatory drugs and, 3 37, 3 38 


spinal manipulation for, 554 
Dura mater, in low back pain, 29, 695 
Dural sac, nerve root origin from, 62 64, 66 
Dutchman roll, 241 ,242 

Dysplastic spondylolisthesis, 611. See also Spondylolisthesis 

Edema, intraneural, in nerve root compression, 1491, 3—4, 10—13 
Eight finger glide palpation, in Cox distraction, 307, 308 
Eisenstein’s measurements, 180, 607, 637, 627 
Elderly, drug therapy in, 339 

Electrical stimulation, after Cox distraction, 330-333, 330—333, 3311 
Electroacupuncture, for fibromyalgia, 256 
Electromyographic feedback, for fibromyalgia, 256 

Electromyographic studies, of flexion-distraction manipulation, 263 264, 
264, 265 

Electromyography, vs. nerve root needle stimulation, 42 1 —4-22 
Ely’s heel-to-buttock sign, 443, 443 
Embolism, nucleus pulposus, postoperative, 5 36 
Employment, return to, 5 53—5 54, 681—682 

Employment-related factors, in low back pain, 22, 81, 529, 5 53 554, 681 
End plate(s) 

in disc degeneration, 105 
in low back pain, 107 
End plate degeneration, imaging of, 41 3 
End plate receptors, disc nutrition and, 25 
Endocarditis, infective, 478 

laboratory evaluation in, 522—52 3 
Endometriosis, of sciatic nerve, 480—481 

End-stage renal disease, nonsteroidal anti-inflammatory drugs and, 3 38 
Endurance tests, 659—662 

Enteropathic arthritis, laboratory evaluation in, 5 21 — 522 
Enteropathy, nonsteroidal anti-inflammatory drugs and, 3 38 
Eosinophilia-myalgia syndrome, 476—478 
Ependymoma, 463, 463 
Epidural analgesia/ anesthesia 
complications of, 5 53 
for low back pain, 40 

Epidural fat graft, nerve root compression from, 536 
Epidural fibrosus, 536 
Epidural hematoma, 469, 470, 471 
Epidural lipomatosis 
idiopathic, 48 1 
steroid-induced, 339 
Epidural pressure, in spinal stenosis, 178 
Epidural space, non-Hodgkin’s lymphoma of, 478 
Epidural steroid injections, 40, 551 553, 699 
Epstein-Barr virus infection, lumbar radiculopathy and, 481 
Erector spinae muscles, 21 5 216,2/2,222 223 
spinal stability and, 654 655, 655 
Ergonomics, of proper lifting, 77 
Erythrocyte sedimentation rate (ESR), 510, 5 1 Ot 
in disc infections, 510, 5 1 Ot, 517 
in multiple myeloma, 5 1 9 
in osteomyelitis, 510, 5 1 Ot 
in polymyalgia rheumatica, 521 

Esophageal injury, nonsteroidal anti-inflammatory drugs and, 3 38 
Eversion, of foot, assessment of, 41 8t, 419 
Exercise. See also Rehabilitation 
disc nutrition and, 342 
in intermittent claudication, 1 82 
nutrition in, 341-342 
Exercise tracks, 668—676 
Exercises, 65 3—676. See also Rehabilitation 
bridge track, 669, 669 670 
with Cox distraction, 297 
for fibromyalgia, 2 55 
flexion-extension, 117 118 
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Hxcrciscs Continued 
for instability, 105 
low back, disc injury from, 101 
with manipulation, 654 
overview of , 65 3 654 
peeling back in, 669 
pelvic stabilization, costs of, 528 
progression of, 669, 669t 
for sacroiliac joint pain, 2 30 
in spinal stabilization training, 665 676 
for spondylolisthesis, 644, 644—645, 645 
Extension. Sec also Flexion-extension; Lordosis 
disc and ligament support in, 101 
eff ects of 

on disc herniation, 21 6, 276-277, 277 
on facet, 596 

on ligamentum flavum, 277 
on lumbar spine, 85 90, 87, 276, 276—277 
on nucleus pulposus movement, 278—279 
in spinal stenosis, 177, 176 

Hxtension manipulation. Sec also Flexion-extension distraction 
for retrolisthesis subluxation, 606 608, 606—605 
Hxtension range of motion adjustment, 301 ,301 
Hxtension distraction manipulation, eff ects of, 275 276, 276 
Hxternal fixation, diagnostic, 539 
Hxtraforaminal herniation, 451—452, 433, 434, 458, 439 

Facectomy, unilateral, facet load and, 34 
Facet(s) 

analgesic injection of, 3 3 
arthritis of, 42-43 
arthrosis of, 67, 67 

asymmetric, 4/, 41 48, 42t, 43-46. See also Facet tropism 

compressive forces on, 591 59 3, 592, 5921 

coronal facings of, 41 43, 421, 43- 46. See also Facet tropism 

in degenerative spondylolisthesis, 634, 6 33 

in disc degeneration, 66, 67 

distraction of, beneficial effects of, 5 56—557 

extension effects on, 596 

flexion effects on, 78 79, 596 

flexion-distraction effects on, 5 56—557 

fractures of, 464, 464 

in hyperextension-rotation injury, I 14 
inclination angle of, 73 
innervation of, I 1 0 

load effects on, 34 35, 73, 593, 59 3, 394, 596 

in low back pain, 2 5 26, 28, 29, 3 3-34, 109 112, 110, 111 

in lumbar spine stability, 92-94 

mechanoreceptors in, 1 10—1 12, 286 

normal movement of, 605 

orientation of, 41 43, 421, 42— 16, 44 

facet orientation circle and, 47, 47—48, 48 
measurement of, 4 3, 45, 47, 47-48, 48 
radiographic assessment of, 47 
pain patterns in, 448 449, 602t, 602—60 3, 602 
pain sensitivity of, 59 3 596 
pressure eff ects on, 34 
range of motion of, 605 
resistance of, to rotation, 95 
rotational stress on, 59 3 

sagittal facings of, 41 4 3, 421, 43 46 See also Facet tropism 
shear resistance of, 71 73 

single-photon emission computed tomography of, 113—114, 113, 114 
stability of, 599 601, 399-601 
steroid injections in, 603 
subluxation of, 59 3 

Hadley S curve and, 59 3, 594, 595 


spinal stenosis and, 186, 189 
symmetric, 43, 45 

Facet orientation circle, 47, 47—48, 48 
Facet pain, distribution of, 448 449, 602t, 602 603, 603 
vs. disc pain, 448^449 
Facet syndrome, 30, 286, 591-608 
anatomic factors in, 601—602 
ancillary care for, 605, 606 
biomechanics of, 591 — 596, 601 602 
case study of, 608 
Cox distraction for, 298, 298 
results of, 3 1 11 3 1 3t, 31 6 , 31 7 
diagnosis of, 447 

Hadley S curve in, 59 3—596, 594, 595 
manipulative care in, 604, 604-606 
pain patterns in, 602t, 602 60 3, 602 
radio! recjuency denervation for, 604 
radiographic findings in, 596—599, 596-60/ 
referred pain in, 602t, 602 603, 602 
retrolisthesis subluxation and, 606- 608, 606- 608 
spinal stenosis and, 186, 189 
Facet tropism, 41, 41—48, 421, 42— 16 
atherosclerosis and, 69 3 
disc degeneration and, 47 
disc prolapse and, 43—47 
facet orientation circle for, 47, 47—48 
prevalence of, 47 
radiographic assessment of, 47 
Facet-lamina syndrome, 591 
Factitious disorders. See Malingering 
Failed back surgery syndrome (FBSS) 
algorithm for, 540 
causes of, 5 36 

clinical presentations of, 540-550, 341—343, 545—550 
spinal cord stimulation for, 5 39 
Fajersztajn’s sign, 436—437, 427 
Far lateral disc herniation, 450—454, 431, 4521, 452 
Far out syndrome, 458 
Fascia, thoracolumbar, innervation of, 3 3 
Fat pad, dorsal, flexion-extension ef f ects on, 89 90, 90, 92, 92 
Fatigue, in fibromyalgia, 254- 25 5 
Fear-avoidance behavior, 685 
Femoral artery, assessment of, 442, 442 
Femoral nerve, anatomy of, 2 1 
Femoral neuropathy, abdominal aneurysm and, 484 
Femur. See also Hip 

osteomyelitis of, 487—488, 488 
Fibromyalgia, 251 257 

chiropractic care for, 255—256 
vs. chronic fatigue syndrome, 2 54 
clinical manif estations of, 252, 252t, 25 3t 
diagnosis of, 251 252, 252t, 2531 
differential diagnosis of, 2 53-254, 254t 
drug therapy for, 256 
etiology of, 2 54—25 5 
exercise therapy for, 25 5—257 
history of, 25 I 
incidence of, 2 5 1 
management of, 25 5—257 
vs. myofascial pain syndrome, 254, 2 54t 
pathophysiology of, 2 54—25 5 
prognosis in, 257 
psychologic aspects of, 2 56, 684 
tender points in, 252, 232 
Fibrous capsule, in low back pain, 109—110 
Financial aspects, of low back pain, 527—528 
Finite clement modeling, 707—71 1 
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First onset back pain, 377 
Flank pain, spinal origin of, 1 63 
Flare-up onset back pain, 377 
Flexed hip test, 445, 446 
Flexibility test, 659, 660 
Flexibility training, 665, 666 
Flexion 
effects of 

on anulus Hbrosus movement, 278 279 
on disc herniation, 276, 276—277, 211 
on disc metabolism, 277 
disc strength and, 280 
on facets, 78—79, 596 
on foraminal size, 277 
on ligamentum llavum, 277 
on lumbar spine, 85 90, 81, 27 6, 276—277 
on nerve root compression, 277 
on nucleus pulposus movement, 278—279 
on spinal canal diameter, 277 
lateral 

disc protrusion and, 56—62, 58—64 
right vs. left-sided, 102 
vs. rotation, 97 99, 97—100, lOOt 
segmental site and degree of, 238 
Flexion exercises, for spondylolisthesis, 644, 644—645, 645 
Flexion range of motion adjustment, 298, 298—299 
Flexion roll, Dutchman, 241 ,242 

Flexion-distraction manipulation. See also Distraction adjustment 
analgesic effects of, 286—288 

biomechanics of, 85-90, 81, 261-271,280-284, 2 < S > /-2<S > 3, 556-557 

clinical expectations for, 562-564 

contraindications to, 292—293 

vs. conventional medical treatment, 5 5 5—556 

Cox method. See Cox distraction technique 

for duodenal ulcers, 554 

electromyographic studies of, 263—264, 264, 265 

facet effects of, 5 56—5 57 

with Hexion-extension exercises, 117—1 18 

functional basis for, 85 86 

hands-on effect in, 556 

history of, 261 

indications for, 288, 289—291 

intradiscal pressure in, 264—271, 265—261, 267t, 268t, 269—211, 278 

ligament loads in, 268 271, 269—211, 288 

vs. McKenzie treatment, 555 

mechanoreceptor activation with, 285 286 

pain production on, 293—294 

for pelvic pain/dysfunction, 1631, 163—164 

for pelvic pain/dysfunction, 285 

radiographic studies of, 262-263 

re-evaluation during, 448 

research grants for, 12 13 

for sacroiliac joint pain, 229, 230 

screening for, 288, 289-291 

spinal effects of, 85- 90, 81, 275, 275, 276-278 

spinal rellexes and, 286 

for spinal stenosis, 117, 198 

for testalgia, 163 

for transitional segment, 241 — 243, 242 
vertebral canal diameter and, 277—278 
vertebral motion during, 262 263 
Flexion-distraction table, mobility of, 263, 263 
Flexion-extension 
effects of 

on disc, 78-79 

on dorsal fat pads, 89—90, 90, 92, 93 
on lumbar spine, 85—90, 81 


nucleus pulposus motion in, 101 105, 103, 104 
resistance to 

by apophyseal joints, 91 
by discs, 78 
by ligaments, 91 
in spinal stenosis, 115, 116 
Flexion-extension exercises, 117—118 
Flip test, 444, 445 
Floor bridge, 669, 669 
Fluid ingestion, pain and, 384—385, 385 
Foot 

dorsillexion of, assessment of, 418t, 419, 439, 439 
eversion of, assessment of, 418t, 419 
plantar flexion of, assessment of, 41 8t, 420 
Foramen, L5-S1, developmentally enlarged, 462, 463 
Foramen magnum pump, in Cox distraction, with automated distraction 
adjustment, 308, 309 

Foraminal herniation, 450—454, 451, 45 2t, 453 
Foraminal size, flexion effects on, 277 
Foresterier’s disease, 464—466, 465, 466 
Fracture(s) 

alkaline phosphatase and, 511, 5 1 2t 
burst, spinal stenosis and, 193 
compression, 75, 75 

of L2 vertebral body, 498, 499 
in osteoporosis, 492—493 
spinal stenosis and, 201—203, 202 
facet, 464, 464 

in hyperextension-rotation injury, 1 14 
Harrington rod, 488, 489 

pars interarticularis, in spondylolisthesis, 613, 614, 614. See also Spondy¬ 
lolisthesis 

posterior apophyseal ring, 481 ,482 
sacral insufficiency, 493, 493 
spinal stenosis and, 193, 201-203, 202 
spondylolysis and, 61 1—613, 613 
stress, metatarsal, 487, 488 
Functional spinal unit, injury of, stages of, 35—36 
Functional testing 

qualifiable, 659t, 662 665 
quantifiable, 659t, 659 662 
Furcal nerve, in lumbosacral radiculopathy, 1 58 

Gadolinium-enhanced magnetic resonance imaging, 41 3 -4 16, 415, 416 

Gaenslen’s sign, 438, 438 

Gaenslen s test, f or sacroiliac pain, 226 

Gait assessment, 430, 431 

Galvanism 

application of, guidelines for, 3 3 11 

after Cox distraction, 330, 3 30—33 3, 331, 33It 

definition of, 330 

effects of, 3 311 

electrode application in, 332 

for low back pain, 332 

mechanism of action of, 330-33 1 , 33 It 

milliamperage for, 33 1 332 

polarity in, 332 

results of, 3 32 

for spondylolisthesis, 644, 644 
Ganglion cyst 
intraneural, 478 

of posterior longitudinal ligament, 480 
Gastric ulcers, nonsteroidal anti-inflammatory drugs and, 3 37, 3 38 
Gastrointestinal bleeding, nonsteroidal anti-inflammatory drugs and, 3 37, 
338 

Gastrointestinal dysfunction, nonsteroidal anti-inflammatory drugs and, 

338 
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Genetic factors, in low hack pain, 22 
Genitofemoral nerve, anatomy of, 17 
Genitourinary disease, disc disease and, 417 
George’s line, 606, 607 
G-glutamyl transf erase, 5 1 1 
Glucosamine sulf ate, for arthritis, 342 
Glucosuria, 5 11 
Gluteal skyline sign, 418t, 420 
Gluteus maximus muscle, 2 1 5—2 16, 218, 222, 223 
goading of, for Cox distraction, 328, 329 
pain trigger points and referral patterns in, 228 
Gluteus medius muscle 

goading of, for Cox distraction, 328, 329 
pain trigger points and referral patterns in, 228 
Gluteus minimus muscle 

goading of, for Cox distraction, 328, 329 
pain trigger points and referral patterns in, 228 
Gluteus muscle testing, 41 81 , 420 
Glycosaminoglycans, sulphated, for arthritis, 340—341 
Goading, for Cox distraction, 328, 329 
Goniomctric measurements, 431 434, 433, 434 
Gout, 5 1 2 

Gracilis muscle, goading of, for Cox distraction, 328, 329 
Great toe 

dorsillexion of, assessment of, 418t, 419, 439, 439 
plantar flexion of, 440, 440 
assessment of, 418t, 421 
Growth factors, for disc dehydration, 551 

Hadley S curve, 593, 394, 595 
Hamstring bridge, 669, 670 

Hamstring muscle, scarring of, sciatic nerve entrapment by, 48 3 
Hamstring muscle length, spondylolisthesis and, 61 8 
Hamstring muscle reflex, 442, 442 
Hamstring muscle testing, 41 8t, 420 
Hamstring postisometric relaxation, 666 
Hamstring self-stretch, 666 

Hamstring stretch, for spondylolisthesis, 644, 644 

Hands-on ef fect, 556 

Harrington rod fracture, 488, 489 

Headache, with chronic back pain, 492 

Healing process, phases of, 297 

Heat application, after Cox distraction, 330, 331, 332 

I leel walk, 434, 434 

Height, low back pain and, 81 82 

hlelicobacter pylori infection, nonsteroidal anti-inflammatory drugs and, 3 39 

Hemangiomas, 466, 466 

Hematoma 

epidural, 469, 470, 471 
ligamentum flavum, 470 
psoas muscle, 478 
Hematuria, 5 1 1 

Hepatic dysfunction, nonsteroidal anti-inflammatory drugs and, 339 
I lerpes zoster radiculopathy, 480 

Hexopal (mcsoinositol hexanicotinate), for spinal stenosis, 196 
Hip 

avascular necrosis of, 486 -487, 487 
congenital dislocation of, 485 
osteomyelitis of, 487 488, 488 
transient osteoporosis of, 497 
Hip abduction test, 662 664, 664 
I lip extension test, 662, 66J 
Hip osteoarthritis, leg length inequality and, 1 18 
History taking, 423 -424 
HLA system, 516, 5/6, 5 1 6t 
HLA-B27, 516, 5/6, 516t, 521 

in ankylosing spondylitis, 516, 5/6, 516t, 521 


Homeopathy, for fibromyalgia, 2 56 

Human immunodeficiency virus (HIV) infection, laboratory evaluation 
522 

Human leukocyte antigen (HLA) system, 516, 5/6, 5 1 6t 
Hydrocollator, after Cox distraction, 330, 331, 332 
Hypercalcemia, 512, 5 1 3t 
Hypercortisolism, 520 

Hyperextension rotation injury, facet f racture as, 1 14 
Hypergammaglobulinemia, in multiple myeloma, 519 
Hyperparathyroidism, 512 
back pain and, 520 
Hyperphosphatemia, 5 1 3 
Hypertension 

intraosseous, low back pain and, 37, 176 177 
nonsteroidal anti-inflammatory drugs and, 338 
Hyperuricemia, 512 
Hypocalcemia, 512, 5 1 3t 
Hyi lophosphatemia, 513 

Iatrogenic pain, diagnosis of, 447 
Idiopathic epidural lipomatosis, 48 1 
IgA, in disc disease, 45 

i g c; 

in disc disease, 45 
in low back pain, 145 
IgM 

in disc disease, 45 
in low back pain, 145 

Iliac crest pain, LI -L2 dorsal ramus entrapment and, 28 29 
Iliac tuberosity, disfigurement of, 222, 223 
Iliocostal pain, 496 4 97 
Iliohypogastric nerve, anatomy of, 17 
Ilioinguinal nerve, anatomy of, 17 
Iliolumbar artery, 216, 218 
Iliolumbar ligament, 215, 216 
Iliopsoas muscle, 21 5—2 16, 218 
Illness behavior, 681 
Imaging. See also Specific techniques 
artifacts on, 41 1 
for Cox distraction, 290 

of disc reduction, 557, 557 558, SS8, 560 562, 560 56 2 

indications for, 407 -408, 531 532 

for osteomyelitis, 5 1 8 

for thoracic herniation, 450 

timing of, 406-407 

of treatment effects, 557, 557—558, SS8 
Immobilization, low back pain and, 1 1 3 
Immunoglobulins 
in disc disease, 45 
in low back pain, 145 
Immunologic factors, in disc disease, 45 
Incontinence, urinary, low back pain and, 162 163 
Inf ections, spinal, laboratory evaluation in, 510, 5 1 Ot, 5/7, 517-518 
Inf ective endocarditis, 478 

laboratory evaluation in, 522 523 
Inflammatory bowel disease, spondyloarthropathies and, 521 
Inguinal pain, source of, 28 
Insurance ef fects, 5 54 
Interleukin-1, in disc degeneration, 107 
Intermittent claudication 
in athletes, 469 
calcitonin for, 1 98 
definition of, 1 80 

degenerative spondylolisthesis and, 193, 193, 194 
differential diagnosis of, 180, 180, 181 
Doppler testing in, 181 
mechanisms of, 181 
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mcsoinositol hcxanicotinatc for, 1 96 
nerve root ischemia and, 1 81 
neurogenic vs. ischemic, 1 80 
pentoxifylline for, 196 
physical examination in, 181 
risk factors for, 180 

in spinal stenosis, 172, 178, 180, 180—182 
atypical, 1 84 
treadmill test in, 182 
treatment of , 1 82 
Internal iliac artery, 216, 218 

Internal oblique abdominis muscle, spinal stability and, 655, 656 
Interneural inflammation, low back pain and, 287-288 
Interspinous ligaments, resistance of 
to flexion, 91 
to rotation, 95 

Interstitial cystitis, L5 nerve root compression and, 162 
Intervertebral disc. See under Disc 
Intervertebral osteochondrosis, 102—104 

Intestinal injury, nonsteroidal anti-inflammatory drugs and, 338 
Intra-abdominal pressure, spinal effects of, 40 
Intradiscal gas, 480 
Intradiscal pressure 

above f usion level, 538-539 

changes in, 64, 66 

disc herniation and, 280 

in flexion-distraction manipulation, 264—271,265—267, 267t, 268t, 
269 27/, 278 
pain and, 382—383 
Intradural herniation, 452 

Intraneural edema, in nerve root compression, 149 
Intraneural ganglion cyst, 478 

Intraosseous pressure, in low back pain, 37, 1 76—177 
Intravenous immunoglobulin, for nerve root pain, 5 50 
Ischemia, nerve root, 148 149, 149 
Isometric ball squeeze, 669, 670 

Isthmic spondylolisthesis, 611, 6/2. See also Spondylolisthesis 

Jewett brace, 334 3 36, 33 5 

job, return to, 529, 553 554,681—682 

job satisfaction, 529 

Job-related factors, in low back pain, 529, 55 3 5 54, 681 
Joint pain, pathophysiology of , 285—286 
Joint-muscle relationships, 665t 

Kemp’s sign, 431 ,432 

Kidney stone, 463, 464 

Kyphosis, low back pain and, 81—82 

LI L2 dorsal ramus entrapment, iliac crest and Tl I—Lf pain and, 28—29 
L5 dermatomes 

dysesthesia of, 418t, 419 
mapping of, 4 21 

pin wheel examination for, 441 ,441 
L5 nerve, sickle-shaped ligament compression of, 478 
L5 51 joint. See also Transitional segment 
vulnerability of, 601 602 
Laboratory evaluation, 509—523 
acid phosphatase in, 5 I 3 
in AIDS, 522 

alkaline phosphatase in, 51 I, 5/2, 5l2t 

antinuclear antibodies in, 5/4, 514—515, 5/5, 51 5t 

calcium in, 512, 5 1 31 

C-reactive protein in, 510 

erythrocyte sedimentation rate in, 510, 51 Ot 

in infective endocarditis, 522 523 

in lumbar spine and sacroiliac infections, 5/7, 5 17—518, SI 8 


in Lyme disease, 522, 522 
in metabolic disorders, 520, 52/ 
in metastatic cancer, 5 1 9 
in multiple myeloma, 5 / 7—5 / 9, 5 I 8—5 19, 520t 
nonspecific tests in, 509, 5 10—5 I 3 
in osteoporosis, 516 517 
in Paget’s disease, 522 
phosphorus in,513 
in polymyalgia rheumatica, 521 
in polymyositis, 522 
prostate specific antigen in, 51 3 
rheumatoid factors in, 5 1 3—51 4, 5/4, 5 1 4t 
specific tests in, 509, 513—516 
in spondyloarthropathies, 520-521 
uric acid in, 512, 5 I 3t 
urinalysis in, 5 10—5 1 1 
Lactate levels, in disc degeneration, 107 
Laminectomy. See also Surgery 

lumbar decompressive, for spinal stenosis, 195—197 
trumpet, for spinal stenosis, 1 97 
Laser discectomy, 53 5 
Lateral bending studies, 56—64, 6/—65 
Lateral cutaneous nerve, anatomy of, 2 1 
Lateral distraction testing, 292, 293-294 
Lateral flexion 

disc protrusion and, 56 62, 52-64 
right vs. left-sided, 102 
vs. rotation, 97—99, 97—100, 1 OOt 
Lateral flexion range of motion adjustment, 299, 

299 

Lateral sacral artery, 216, 218 
Lateral sacral artery aneurysm, 476 
Latissimus dorsi muscle, 222, 223 
Lawsuits, compensation in, 554 
Layer syndrome, 658 
Lean, antalgic, 56—62, 52—64, 59, 61, 63 
assessment of, 430-431 ,431 
Cox distraction positioning for, 296, 296 
Leg length inequality, I 18—121 
correction of, 119 1 21 , / 20 

evaluation of, visual vs. radiographic, 118 I 19, 12 It 
hip osteoarthritis and, 1 1 8 
low back pain and, 82, 449 
Leg pain. See also Sciatica 

claudication. See Intermittent claudication 
disc degeneration and, 41 7 
disc disease and, 21 22 
distribution of, 602t, 602—603, 602 
in spinal stenosis, 177, 178 
Legal awards, 5 54 
Lewin’s standing sign, 430, 420 
Lewit’s functional chains, 665, 6651 
Libman’s sign, 444, 445 
Lidocaine 

facet joint injection of, 33 
for reflex sympathetic dystrophy, 160 161 
Lifting 

correct, ergonomics of, 77 
posture for, 280 

Ligaments. See also Specific ligaments 

loads on, in flexion-distraction manipulation, 268 271,269 271, 
288 

in lumbar spine stability, 92—94 
nerve root entrapment/fixation by, 1 57 
resistance of 
to flexion, 91 
to rotation, 95 
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I igamcntum Havum 

llcxion/extcnsion effects on, 277 

in spinal stenosis, 102, 192, 200, 201, 203, 203—204, 204 
Ligarncnturn Havum hematoma, 470 
l imbus vertebrae, 461, 461 462, 462 
Lindner’s sign, 424 430, 429, 435, 433 
straight leg raising sign and, 436 
Lipofuscin, in disc degeneration, 107 
Lipomatosis, epidural, steroid-induced, 339 
Literature update, 689 703 

Liver function tests, for nonsteroidal anti-inflammatory drugs, 3 39 
Load 

in disc disease, 35 36 
effects of on facet vs. joint, 34—35 
Load bearing. See also Compression 
in disc disease, 35 36 
by discs, 34-35, 51,71 74,75,75 
mechanics of, 78 79 

by facets, 34-35, 71 73, 78, 593-596, 595-596 
Local pain, 377 
Locus of control, 683 

Longissimus thoracis muscle, pain trigger points and referral patterns in, 228 
Longitudinal ligaments. See Anterior longitudinal ligament; Posterior longi¬ 
tudinal ligament 
Lordosis. See also Extension 
assessment of, 431 ,432 
low back pain and, 81 82, 280 
lumbar spine effects of, 40 
Lovett reverse sciatic scoliosis, 56, 62, 65 
Low back exercises, disc injury from, 101 
Low back pain. See also Pain 
acute, 310, 377 
in acute back sprain, 384, 383 
afferent pathways of, 28, 28 
in AIDS, 522 

anatomic factors in, 81 82 

anulus (ibrosus in, 29 30 

anulus (ibrosus in, 29 30, 31-33,49-51, 82, 379-381 
atherosclerosis and, 693 

biomechanics of, literature update for, 689—691 
bracing for, 333 336, 334—336 
bulging disc and, 386, 386, 387 
caffeine and, 23, 681 
causes of, 379 382 

differential diagnosis of, 379, 380t 
chemical sensitization and, 29, 30—31,48, 49, 50 
in children, 82, 529 
in chondromalaciae facctac, 113, 113 
chronic, 310, 377 

psychological factors in, 679 686. See also Psychological issues 
socioeconomic risk factors for, 680 
classification of, 377, 3811, 384—392 
communication of, 679 
computed tomography in, 1 1 2 
Cox classification of, 446 449 
in Cushing’s syndrome, 520 
cytokines in, 145 

Dallas Discogram classification of, 3811 

demographics of, 81 82, 378, 527 

depression and, 679, 684 

diagnosability of, 29 

diagnosis of, 377 502 

disc and facet biomechanics in, 25—26 

disc anular irritation and, 49 5 1 

disc as source of, 21 22,36-37,382 384,388-392,5^-592,407,566 
disc protrusion and, 30 31,5/, 36—37 
disc-facet relationship in, 25 — 26, 28, 29, 33-34 


displaced fragment and, 387—388, 387 390 
distribution of, 448 

vs. facet pain distribution, 448 ^449 
dorsal root ganglia in, 138—141, 286- 288,2^7 
drugtherapy for, 336—339 
dura mater in, 29,695 
duration of, 310, 377, 529 
end plates in, 107 
epidural anesthesia for, 40 
facet joint injection for, 33 
facet joints in, 109—112, 110, 111 
familial factors in, 22 
f ascia in, 33 

financial impact of, 527-528 
first onset, 377 
Hare-up, 377 

fluid ingestion and, 384—385, 383 
galvanism for, 330—333, 331, 332 
genetics of, 22, 378 
heart disease and, 25 
history of growth period pain and, 22 
hyperparathyroidism and, 520 
iatrogenic, diagnosis of, 447 
immobilization and, 1 1 3 
immunoglobulins in, 145 
incidence of, 695 696 
in children, 378 

in infective endocarditis, 522 523 
interneural inflammation and, 287-288 
intradisc, 3 1 

intraosseous pressure in, 37, 176—177 
kyphosis and, 81 82 

LI—L2 dorsal ramus entrapment and, 28—29 

leg length inequality and, 82, 449 

ligaments in, 33, 695 

local, 377 

localization of, 28 

lordosis and, 81 82,280 

loss of diurnal height and, 25 

lumbar zygapophysial joint pain and, 29 

in Lyme disease, 522 

malignancy induced, 377—378 

mechanisms of, 2 5 29, 36—37 

mechanoreceptors in, 1 10—1 1 2 

in metabolic disorders, 520 

muscular dysfunction and, 655 657 

nerve root compression and, 287—288 

nociceptors in, 144, 605 

nonvertebral causes of, 463—501 

occupational factors in, 22, 81 

organic diseases causing, 463—501 

organic idiopathic, 392 

osteomalacia and, 520 

in Paget’s disease, 522 

pain receptors in, 144 

pathologic sequence in, 182 

perception of, 147 

phospholipase A 2 in, 145 

in polymyalgia rheumatica, 520 

in polymyositis, 522 

posterolateral anulus disruption and, 385—386, 386 
postoperative 

clinical correlates of, 559 
radiographic correlates of, 559 
scar tissue and, 5 59 
in pregnancy, 22 23, 496 
prevention of, 550 
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previous back injury and, 23 
prostaglandins in, 145 
provocation of, 1 1 2 

psychological issues in, 679-686. See also Psychological issues 
radicular, 377 
recurrent, 377 

job satisfaction and, 5 29 

postoperative. See Failed back surgery syndrome (FBSS) 
referred, 28, 1 56, 377, 602t, 602-603, 605 
anterior herniation and, 461, 462 
risk factors for, 22—23 

nonorganic, 529, 680, 682 

sacroiliac joint in, 209, 2 23 231. See also Sacroiliac joint pain 

sciatica and, 383 384. See also Sciatica 

sequestered fragment and, 387, 38 7 

sex and, 1 1 2—11 3 

smoking and, 2 3 2 5,379 

sources of, 25—34, 21 

spinal fixation and, 286 

in spinal stenosis, 179 

in spondylolisthesis, 615 616, 6/6, 617 

subacute, 310 

substance P in, 140—141,145 — 146 
surgery for. See Surgery 
indications for, 274 
transient, 377 

transitional segment in, 237 
traumatic-onset, 25 
trunk length in, 40 
trunk velocity and, 90—91 
urinary incontinence and, 162—163 
vertebral bodies in, 107 
vibration effects in, 22, 109 
weightlessness and, 25 
without sciatica, diagnosis of, 383—384 
zygapophysial osteoarthritis and, 36—37, 57, 38 
Low back wellness school, 297 
Lower crossed syndrome, 658 

Lower thoracic iliocostalis muscle, pain trigger points and referral patterns 
in, 228 

Lumbar decompressive laminectomy, for spinal stenosis, 195 — 197 
Lumbar epidural analgesia/anesthesia, complications of, 5 53 
Lumbar fusion. See Spinal fusion 

Lumbar intervertebral disc syndrome, pathophysiology of, 27—28 
Lumbar lordosis 

assessment of, 431, 432 
low back pain and, 81—82, 280 
lumbar spine effects of, 40 
Lumbar mechanics, 68 74 

centrode location and, 68—69, 65—7/ 
rotation, 69—70, 75, 74 
summary of, 70—71 

Lumbar motion, physiologic and abnormal, 68—74 

Lumbar muscles, in flexion-distraction manipulation, electromyographic 
studies of, 263 264, 264, 26S 
Lumbar radiculopathy. See Radiculopathy 
Lumbar rib, imaging of, 462, 462 
Lumbar spine 

age-related changes in, 66, 70 

anterior vs. posterior elements of, 70 

biomechanics of, 17 23 

cervical spine ef fects on, 568 

dissection of, 577 578, 579 

diurnal stress variations on, 40-41 

embryonic development of, 600—601 

extension eff ects on, 85-90, 87, 276, 276—277, 277 

flexion ef fects on, 85 90, 8 7, 276, 27 6, 277 


motion dynamics and aberrancies of, 84- 101 
posture effects on, 78 

rotational and lateral flexion capabilities of, 97 
stability of 

ligaments and facets in, 92—94 

Van Akkerveeken’s measurement lines and, 599 601, 

S99-601 

suspension effects on, 81 
Lumbar spine instability 
acute vs. chronic, 1 05 
lumbar vertebral translation in, 105 
radiographic findings in, 105 
Lumbar spine sprain/strain, 384, 555 

Cox manipulation for, results of, 31 11 31 3t ,322,323 
diagnosis of, 384, 555 
vs. disc disruption, 31 
Lumbar support orthosis, 334, 334 
for transitional segment, 242 

Lumbar sympathetic afferents, in pain transmission, 28, 28 
Lumbar synovial cyst, 492, 492, 493 
Lumbar vertebra(e), L5 

locking mechanism of, 611,6/2 
pseudosacralization of, 237, 238, 413, 414 
sacralization of. See Transitional segment 
Lumbar vertebral translation, 1 05 
Lumbar zygapophysial joint pain, 29 
Lumbopelvic control, pelvic tilt for, 667, 667 
Lumbosacral brace, semirigid, 334, 334 
Lumbosacral corset, 3 34, 334 
Lumbosacral ligament 

compression of L5 nerve by, 478 
nerve root entrapment/fixation by, 1 57 
Lumbosacral list, assessment of, 430 4 31 ,431 
Lumbosacral plexus, anatomy of, 17 23 
Lumbosacral radiculopathy, furcal nerve in, 158 
Lumbosacral support, for spondylolisthesis, 644, 644 
Lumbosacral transitional vertebrae, 237 249. See Transitional segment 
in low back pain, 237 

Lyme disease, laboratory evaluation in, 522, 525 
Lymphoma 

non-Hodgkin’s 

of epidural space, 478 
methotrexate-related, 483 

Magnetic resonance imaging (MRI). See also Imaging 
abnormal, with normal x-ray, 490, 491 
advantages of, 408^4-13 
artifacts on, 41 1 

vs. computed tomography, 408, 416 

contraindications to, 411 

vs. CT myelography, 408 

in disc degeneration, 109 

of disc herniation, 406 

disc hyperdensity on, 413 

vs. discography, 392—394, 595, 394 

gadolinium-enhanced, 41 3—416, 41S, 416 

indications for, 406, 407 408 

vs. myelography, 408 

normal findings on, 412 

pain source and, 41 3 

postoperative, 536 

in pregnancy, 496 

principles of, 409^4-1 1 

specificity and sensitivity of, 406 

in spondylolisthesis, 627—629, 625, 629t, 630 

T-1 weighted images in, 410—41 1 

T-2 weighted images in, 411 
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Magnetic resonance imaging (MRI )—Continued 
timing of, 406 

Major histocompatibility complex, 516, 5/6, 5 1 6t 
Malic acid, for fibromyalgia, 2 56 

Malignancy-induced back pain, 377—378. See also Cancer 
Malignant melanoma, spinal metastases in, 478 
Malingering 

diagnosis of, 444-446, 445, 446 
signs of, 424 

Malnutrition, spinal stenosis and, 179-180 

Manipulative adjustment procedures, for sacroiliac joint pain, 227-229, 
22 9 

Mannkopf’s sign, 444, 44S 
Marital discord, 683, 684 
Marrow, in disc degeneration, 105 
McKenzie treatments 
vs. chiropractic care, 9 
results of, 555 
McManis, john, 1, 274 
McManis table, 1 2 
Mechanoreceptors 

activation of, flexion-distraction manipulation and, 285—286 
in facet joints, 110- 112, 286 
in low back pain, 1 10 112 
Melanoma, spinal metastases in, 478 
Meningioma, cystic, 481-483, 482 
Mcralgia paresthetica, 490 492 
Mesh cage implant, 5 51 

Mcsoinositol hexanicotinate (Hcxopal), for spinal stenosis, 196 
Metabolic disorders, back pain in, 520 
Metastasis, bone, 488 490, 484, 440 
alkaline phosphatase and, 5 11 
laboratory evaluation of, 520 
in melanoma, 478 
pain in, 377 378 
in prostate cancer, 478 479, 474 
Metatarsal stress fracture, 487, 488 

Methotrexate, for rheumatoid arthritis, lymphoma and, 483 
Microdiscectomy, results of, 5 37 
Milgram’s sign, 440, 440 
Minor’s sign, 424, 424 

Mobilization, vs. distraction manipulation, 5-6 
Monoclonal gammopathy, in multiple myeloma, 519 
Moses’ sign, 442, 443 

Motion studies, of nucleus pulposus in flexion-extension, 101, 101 — 105, 
1021, 103, 104 

Motor changes, in disc disease, 41 81 , 414-420, 420 
Movement pattern assessment, for rehabilitation program, 662 
MRI. See Magnetic resonance imaging (MRI) 

Multifidi muscles, 2 1 5—2 16, 218 
in disc degeneration, 1 10 

pain trigger points and referral patterns in, 228 
postoperative changes in, 5 36 
spinal stability and, 654-655, 655 
Multiple laminotomy, for spinal stenosis, 197 
Multiple myeloma, 483 
back pain in, 377-378 
laboratory evaluation in, 518—519, 320, 321 
Muscle(s). Sec also Paraspinal muscles and specific muscles 
Muscle balance, evaluation of, 657t, 657 659 
Muscle imbalance syndromes, 658 
Muscle relaxants, 337 

Muscle strain. See also Low back sprain/strain 
vs. disc disruption, 31 

Muscle weakness, assessment of, 41 81 , 414, 420, 421 
Muscle-joint relationships, 665t 
Muscular dystrophy, 468, 468, 464 


Myelography. See also Imaging 

computed tomography, 408, 409 
in degenerative spondylolisthesis, 638, 640 
limitations of, 417 
vs. magnetic resonance imaging, 408 
in spinal stenosis, 175—176 
Myeloma, 483 

back pain in, 377—378 
laboratory evaluation in, 5 1 8—519, 520, 521 
Myof ascial pain syndrome 
vs. fibromyalgia, 254, 254t 
trigger points and referral patterns in, 227, 228 
Myofascial release techniques, 665, 666 
Myofascitis, cervical pain and, 449 

Nachlas’ knee flexion sign, 442-443, 443 
Nephrocalcinosis, 497, 447 
Neri’s bowing sign, 430, 430 
Nervc(s). See also Specific nerves 

edema of, in nerve root compression, 149 
innervating discs, 28 
irritation of, sources of, 27—28 
Nerve block, for low back pain, 40 
Nerve libers, compression of, 141 — 143, 142 
Nerve regeneration, 161 
Nerve root(s) 

anatomy and physiology of, 137, 170, 170—172, 171 

anomalous anastomosis of, 422 

blood supply of, 136—137, 138, 148, 148 -149 

compression ischemia of, 148, 148—149 

conjoined, 473, 473, 474 

dermatomes for, 5 5-56, 57 

innervation of, 5 5—56, 57 

needle stimulation of, vs. electromyography, 421-422 
vs. peripheral nerves, 1 36 
symptomatic, MRI identification of, 416 
Nerve root compression, 141 — 143, 142 
in disc degeneration, cadaver studies of, 36 
in disc herniation vs. spinal stenosis, 149 
epidural fat graft induced, 5 36 
flexion elf ects on, 277 

in foraminal narrowing and subluxation, 17, 18—20 
intraneural edema and, 149 
ischemia in, 171 
L5, interstitial cystitis and, 162 
literature update for, 691—693 
mesh cage implant for, 5 5 1 
pain mechanisms in, 172, 287—288 
pathophysiology of, 156—159, 170—172 
pelvic pain and, 162—164 
spinal stenosis and, 170—172 
in spondylolisthesis, 616—617 
vulnerability to, 34 
Nerve root entrapment 
ligamentous, 1 57 
pathogenesis of, 67, 67, 68 
in spinal stenosis, 173—174 
Nerve root fixation, ligamentous, 1 57 
Nerve root irritation, causes of, 1 50, 691 693 
Nerve root ischemia, intermittent claudication and, 181 
Nerve root origin, from cauda equina, 62-64, 66 
Nerve sheath tumor, 481 

vs. extraforaminal herniation, 451 -A52 
Neugebauer’s method, 564 
Neuralgia, obturator nerve, 454 
Neurilemoma, 481 
of sciatic nerve, 468 
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Nociceptors, 30-31 
in anterior disc, 33 

i n anterior longitudinal ligaments, 33 
in anulus flbrosus, 32 33 
in inflamed vs. normal joints, 1 59 
in low back pain, 144, 605 
Noncompliance, 288 
Non-Hodgkin’s lymphoma 
of epidural space, 478 
methotrexate-related, 483 
Nonorganic pain drawings, 685 
Nonsteroidal anti-inllammatory drugs (NSAIDs) 
classification of, 336 337 
efficacy of, 339 
in elderly, 339 
for fibromyalgia, 256 
indications for, 336 
mechanism of action of, 336 
side effects of, 337 339, 699 
Nuclear pressure, decreased, in disc degeneration, 1 1 2 
Nucleus pulposus 

bulging of, diagnosis of, 447 
elasticity of, 278, 278—279, 285 
fluid ingestion in, pain and, 384—385, 388 
herniation of. See Disc herniation 
hydrophilia in, 341 

inflammatory response to, 29, 1 46. See also Chemical radiculitis 
intradisc location of, 68 69, 68 74 
leakage of. See also Disc prolapse; Disc protrusion 
discography of, 396—405, 396—40S 
lesions of, in disc degeneration, 1 08 
movement of 

extension effects on, 101, 101 — 105, 103, 104, 278—279 
flexion effects on, 101, 101-105, 103, 104, 278-279 
in normal vs. abnormal disc, 279 
pressure changes in, 64, 66 
sequestered, 387, 387, 461, 461 
displaced, 387 388, 387-390 
Nucleus pulposus emboli, postoperative, 536 
Nutrition, 340 343 
arthritis and, 340 
disc, 341 — 343 

end plate receptors and, 25 
exercise and, 342 
smoking and, 343 

disc degeneration and, 106, 340,458^459 
in home care, 340—342 
spinal stenosis and, 179—180 
training in, 8 


Obesity 

disc disease and, 25 
low back pain and, 81-82 
Obturator internus bursitis, 478 
Obturator nerve, anatomy of, 21 
Obturator nerve neuralgia, 454 

Occupational factors, in low back pain, 2 2, 81, 529, 553—554, 681 
Oophorectomy, spondylolisthesis and, 617 
Opioids, 337 

Oral tolerization, for rheumatoid arthritis, 343 
Organic idiopathic spine pain, 392 
Orthotics, 333—336, 334—336. See also Bracing 
diagnostic, 5 39 

for disc herniation, 333—336, 334-336 
lumbar support, 334, 334 
for transitional segment, 242 
for pes planus, 605, 606 


for transitional segment, 242 
types of, 334—336, 334—336 
Osteitis condensans ilii, 225 
Osteitis deformans, laboratory evaluation in, 52 2 
Osteoarthritis 

Arteparon for, 340 
chondroitin sulfate for, 340, 342—343 
disc changes in, 106—108 
facet, 42—43 

glucosamine sulfate for, 342 
hip, leg length inequality and, 1 18 
nutritional therapy for, 340—344 
proteoglycan loss and, 340 
of zygapophysial joint, 37, 37, 38 
Osteoarthrosis, 66 

Osteochondrosis, intervertebral, 102—104 
Osteomalacia, laboratory evaluation of, 520 
Osteomyelitis 

of femur, 487—488, 488 
of L3 L4 disc, 484, 484-^485, 48S 
laboratory evaluation in, 517 518 
Osteopathic lesion, definition of, 275 
Osteopathic manipulative therapy, 7—8 
Osteopathy, principles of, 274-275 
Osteopenia, causes of, 520, 52It 
Osteophytes 

in disc degeneration, 108—109 
sacroiliac joint, 214, 2/5 
spinal stenosis and, 1 86, 189 
sympathetic nerve trunk compression by, 141 
Osteoporosis 

compression fracture in, 492 ^493 
laboratory evaluation in, 5 16—517 
literature update for, 700-703 
transient, of hip, 497 
Osteosarcoma, vitamin D^ for, 343 
Oswestry Disability Scale, 5 34, 659 
Outpatient care 
benefits of, 528 
chiropractic care as, 528 

Paget’s disease, 463, 464 

alkaline phosphatase in, 511, 5 1 2t 
laboratory evaluation in, 52 2 
Pain 

abdominal, spinal origin of, 163 

buttock, in piriformis syndrome, 114-117, IIS, II6 
cervical, myofascitis and leg pain and, 449 
communication of, 679 
deep, 144 

facet, patterns of, 602t, 602 603, 602 
flank, spinal origin of, 1 63 

iliac crest, LI L2 dorsal ramus entrapment and, 28 29 

iliocostal, 496 ^97 

inguinal, source of, 28 

joint, pathophysiology of, 285 286 

leg. See Leg pain; Sciatica 

low back. See Low back pain 

in multiple myeloma, 518 519 

myotomal vs. sclerotomal vs. dermatomal, 1 57 

in nerve root compression, 172 

nociceptors for, 30-31, 31 

on palpation, 431, 432 

pelvic 

Cox distraction for, 285 

flexion-distraction manipulation for, 1 631, 163 164, 285 
nerve compression and, 162—164 
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Pain Continued 

in pelvic pain and organic dysfunction (PPOD) syndrome, 1 631, 
163-164 

in pregnancy, 22 2 3 
perception of, 147 148, 148 
radicular, pathogenesis of, 150 
referred, 1 56, 602t, 602 603, 6 03 

convergence-facilitation theory of, 1 58 
convergence-projection theory of, 1 58-1 59 
sacroiliac joint, 22 3 2 31. See also Sacroiliac joint pain 
scrotal, 422 

in disc compression of S2/S3 nerve roots, 21 
somatic, 144 

subjective assessment of, 423 
substance P and, 140-141, 145—146, 15§, 286 
testicular, thoracolumbar dysfunction and, 163 
Pain drawing, patient, 423, 423—424 
Pain management. See also Analgesia 
antidepressants in, 3 37 
facet joint injection in, 3 3 
muscle relaxants in, 337 

nonsteroidal anti-inflammatory drugs in, 336, 3 37 3 39 
opioids in, 337 
steroids in, 3 36 
Pain receptors, 30-31 
in anterior disc, 3 3 
in anterior longitudinal ligaments, 3 3 
in anulus fibrosus, 32 33 
in inflamed vs. normal joints, 1 59 
in low back pain, 144 

Pain relief, extent of herniation reduction and, 1 50—1 52, /SO—/ 52 

Palpation, pain on, 43 1, 432 

Panjabi spinal stability model, 654, 654t 

Paralysis, postoperative, 536 

Paraplegia, postoperative, 536 

Paraspinal muscles. See also Musclc(s) and specific muscles 
balance of, evaluation of, 657t, 657 659 
in disc degeneration, 1 10 
inhibition prone, 657, 657t 
low back pain and, 655 657 
spinal stability and, 654t, 654-655, 655, 656 
stereotypic responses of, 657, 6 57t 
tightness prone, 657, 657t 
Parathyroid hormone, 512, 520 

Pars interarticularis, elongated, pseudospondylolisthesis and, 

643 

Pars interarticularis def ect, in spondylolisthesis, 613, 614, 614. See also 
Spondylolisthesis 

Patellar reflex testing, 418t, 419, 441, 441 
Patient pain drawing, 423, 423-424 
Patient-doctor interaction, 683—684 
Patrick’s sign, 438, 438 
Patrick’s test, for sacroiliac pain, 226 
Pedicle screw fixation 

after failed surgery, 544 550, 545 550 
literature update for, 698 699 
nerve root irritation in, 543—544 
Pelvic crossed syndrome, 658 
Pelvic disease, disc degeneration and, 417 
Pelvic muscles 

pain trigger points and referral patterns for, 227, 228 
sacroiliac joint and, 2 1 5 216, 218 
Pelvic pain 

Cox distraction for, 285 
flexion-distraction manipulation for, 285 
nerve compression and, 162 — 164 
in pregnancy, 22—23 


Pelvic pain and organic dysf unction (PPOD) syndrome, flexion-distraction 
manipulation, 163t, 163 164 
Pelvic stabilization exercises, costs of, 528 
Pelvic tilt, 667, 667 
Pentoxifylline, for spinal stenosis, 196 
Peptic ulcers 

nonsteroidal anti-inflammatory drugs and, 3 37, 3 38 
spinal manipulation for, 5 54 
Percussion, 431 ,432 

Percutaneous discectomy. See also Discectomy 
indications for, 534, 535 
results of, 5 35, 537 
MRI findings of, 559 
Peripheral nerves. See also under Nerve(s) 
anatomy of, 137, 138 
vs. nerve roots, 1 36 

Pcma canaliculus extract, for arthritis, 340 
Peroneal muscle testing, 439—440 
Pes planus, orthotics for, 605, 606 
Phospholipase A 7 , in low back pain, 145 
Phosphorus levels, 51 3 
Physical examination, 424—446 
dermatome testing in, 441, 441 
form for, 42S—428 

goniometric measurements in, 431 A 34, 433, 434 

lower limb circulation in, 442 

palpation in, 43 1, 432 

percussion in, 43 1, 432 

in prone position, 442 444 

reflex testing in, 418t, 419, 420, 440-441, 440-442, 442 
in sitting posture, 424^1-30, 429 
in standing position, 430—434, 430—434 
in supine position, 435 442 
during treatment, 448 
Physical therapy 

chiropractic and, 5 7 
effects of on connective tissue, 7 
for reflex sympathetic dystrophy, 161 
Physioball routines, 669-672, 669-67J 
Pinwheel examination, 441, 441 
Pirif ormis bursitis, 1 17 
Piriformis muscle, 21 5 216 ,218 

pain trigger points and referral patterns in, 228 
Piriformis postisometric relaxation, 666 
Piriformis self-stretch, 666 
Pirif ormis syndrome, 114-117, l IS, 116, 454 
chemical irritation and, 144 
Placebo effect, 10, 686 
Plantar flexion 

of ankle, 439, 439 
of foot, assessment of, 418t, 420 
of great toe, 440, 440 
assessment of, 418t, 421 
Plantar flexion test, 445, 44S 

Plasma protein, leakage of into cerebrospinal fluid, 158 
Polymyalgia rhcumatica, 479—480 
laboratory evaluation in, 521 
Polymyositis, laboratory evaluation in, 522 
Popliteal artery, assessment of, 442, 442 
Popliteal fossa pressure, 444, 444 

Positioning, for Cox distraction, 291—292, 292, 293, 294, 294—295 
Positive galvanism, after Cox distraction, 330, 3 30—3 3 3, 331, 3 311 
Posterior apophyseal ring fracture, 481, 482 
Posterior innominate procedure 
flexion-distraction, 229, 229 
manipulative-adjustment, 229, 229 
Posterior longitudinal ligament 




ganglion cyst of, 480 
innervation of, 3 3 

loads on, in flexion-distraction manipulation, 268—271, 
269-27/ 

ossification of, spinal stenosis and, 195 
as pain source, 33, 695 
Posterior longitudinal ligament causalgia, 33 
Posterior sacroiliac ligament, 214-21 5, 2/6, 2/7 
Posterior tibial artery, assessment of, 442, 443 
Postural analysis, 662, 66 3t 
Posture 

antalgic, 56-62, 38-64, 59, 61, 63 
assessment of, 430 -431 ,431 
Cox distraction positioning for, 296, 296 
disc disease and, 416 
in disc protrusion, 56- 58, 38 
for lifting, 280 

lumbar spine effects of, 40, 78 
muscle dysfunction and, 657, 663t 
in sciatica, 53—55, 55 
in spinal stenosis, 175, / 75, / 76 
Prednisone, 336, 337 
Pre-employment radiography, 529 
Pregnancy 

back pain in, 22-23, 496 
chiropractic care in, 496 
MR1 in, 496 

sacroiliac joint mobility in, 219—220, 220 
spondylolisthesis in, 618 
Pressure algometry, 452 454 
Pressure goading, for Cox distraction, 328, 529 
Primary nerve sheath tumor, 481 
Prone knee flexion test, 443, 443 444 
Proprioceptors, in anulus fibrosus, 32 
Prostaglandins, in low back pain, 1 45 
Prostate cancer, 478 479, 479, 480 
Prostate-specific antigen, 5 1 3 

Protein-polysaccharide synthesis, abnormal, in disc disease, 49, 
50 

Proteins, axoplasmic transport of , 132—136 
Proteoglycans 

cartilage and, 340 343 

loss of, in disc degeneration, 106, 106, 107, 340 
sulfated, 342—343 
synthesis of, 342 
Provocation tests, 1 1 2 

for sacroiliac joint pain, 226 
Pseudogout, spinal stenosis and, 195 
Pseudosacralization 
of L5, 237 ,238 

imaging of, 413, 414 
with pseudospondylolisthesis, 641 ,641 
Pseudospondylolisthesis, 632 

case studies of, 637, 657, 6 38, 641 ,641 
elongated pars interarticularis and, 643 
pseudosacralization with, 641 ,641 
Psoas muscle hematoma, 478 
Psoas postisometric relaxation, 665, 666 
Psoas self-stretch, 666 

Psoriatic arthritis, laboratory evaluation in, 5 21—522 
Psychological issues, 679-686 
childhood trauma, 682 
congruency, 680 681,684 
coping strategies, 680 681,684, 685 
depression, 679, 682, 684 
diagnosis and identification of problems, 685 
doctor-patient interaction, 683—684 


fear-avoidance behavior, 685 
illness behavior, 681 
locus of control, 683 
marital discord, 683, 684 
occupational, 681 
patient profile, 680, 682—683 
placebo effect, 686 
quality of life, 685 
sexual abuse, 682 
sick role, 681,682, 683-684 
somatization, 680 
spousal support, 682, 683 
treatment-related, 685-686 
unemployment, 681 
Psychotherapy, for fibromyalgia, 256 
Pubis symphysis, mobility of , 220 
Pudendal nerve, anatomy of, 2 1 
Pudendal plexus, 417 
Pulses, assessment of, 442, 442, 443 
Pyuria, 5 11 

Quadratus lumborum muscle 

pain trigger points and ref erral patterns in, 228 
spinal stability and, 655, 657 
Quadriceps muscle testing, 418t, 41 9 
Quadriplegia, postoperative, 536 
Quadruped track, 670, 67/ 

Quality of life, 685 

Quebec Back Pain Disability Scale, 5 34 

Radicular pain, 377 
pathogenesis of, 1 50 
Radiculitis, chemical, 143—148 
Radiculopathy 

chemical, 143 — 148 

vs. mechanical, 146—147, 147 
diabetic, 480 

dorsal routegangliaand, 1 32—143 
Epstein-Barr virus infection and, 481 
herpes zoster, 480 

lower-extremity, discogenic, 394—396, 595 
Radiolrequency facet denervation, 604 
Radiography, 56-64. See also Imaging 
bending studies, 56—64, 61-63 
in facet syndrome, 596-599, 596—60/ 
indications for, 5 31—5 32 

in leg length discrepancy evaluation, 118—119, 121 
of Lovett reverse scoliosis, 62, 6 5 
pre-employment, 529 
in sacroiliac joint pain, 227 
of spinal stenosis, 183, 183-185, 184 
in spondylolisthesis, 618—619, 619-621, 629 
Range of motion, assessment of , 434, 434, 529 
Range of motion adjustment 
circumduction, 300—301 ,301 
in Cox distraction, 298—301, 298—301 
extension, 301 ,301 
flexion, 298, 298-299 
lateral flexion, 299, 299 
rotation, 300, 300, 301 

Reactive arthritis, laboratory evaluation in, 5 21—5 22 
Rectus abdominis muscle, 216, 218 
spinal stability and, 655, 656 
Recurrent meningeal nerve. See Sinuvertebral nerve 
Referrals 

resistance to, 7 
wisdom of, 8 
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Referred pain, 28, 1 58—1 59, 377 
anterior herniation and, 461 ,462 
convergence-facilitation theory of , 1 58 
convergence-projection theory of , 158—159 
Rcflex(cs) 

ankle jerk, 41 8t, 420, 440, 440 441 
hamstring muscle, 442, 442 
patellar, 4181, 419, 441 ,441 
spinal, spinal fixation and, 286 
Reflex sympathetic dystrophy, 160—161 
postoperative, 53 5—536 
sciatic radiculopathy and, 149 
spinal stenosis and, 178 179 
Rehabilitation, 653 676. See also Exercises 
exercise prescription for, 655—676 
exercise tracks in, 668—676 
flexibility training in, 665, 666 
manipulation in, 655, 6551 
myofascial release in, 665t 
patient assessment for, 659—665 

functional testing in, 6591, 659 665 
movement pattern analysis in, 662 
patient-generated outcome tools in, 659 
postural analysis in, 662, 6631 
spinal stabilization training in, 665- 676 
treatment continuum in, 665t 
Reiter’s syndrome, laboratory evaluation in, 52 1 — 522 
Relaxation techniques, f or fibromyalgia, 256 
Renal calculus, staghorn, 463, 464 
Renal dialysis, spinal stenosis and, 195 

Renal disease, nonsteroidal anti-inflammatory drugs and, 338 

Repetitive squat test, 659—660, 660 

Repetitive trunk curl, 660, 661 

Retrolisthesis, 634, 636 

Retrolisthcsis subluxation, 606—608, 606—608 

Return to work, 5 5 3—554, 681—682 

Reverse spondylolisthesis, 634, 636 

Rheumatoid arthritis, 483 

methotrexate for, lymphoma and, 483 
oral tolcrization for, 343 
rheumatoid factor in, 513 514, 5/4, 514t 
tests for, 483 
type II collagen and, 343 
Rheumatoid factors, 513—514, 5/4, 514t 
tests for, 483 

Rib, lumbar, imaging of, 462, 462 
Ro, Chac Song, 235, 577 
Rocker board, 672, 674—675, 675 
Rodman, john C., I 
Rotation 

anatomic limits on, 82 -84, 83—8 5 

with disc degeneration, 101 

disc injury from, 41,75, 80, 593 

vs. lateral flexion, 97—99, 97—100, 10Ot 

level of, 95 

resistance to 

axis of rotation and, 82-83, 83-8S 
by discs, 95 
by facets, 95 
by ligaments, 95 

upright vs. recumbent, 95, 95—97, 96 
Rotation mechanics, 69 70, 13, 74, 75, 76, 80, 593 
Rotation range of motion adjustment, 300, 300, 301 
Rotation test, shoulder/pelvis, 446, 446 
Rule of three, 567 

SI dermatomes 
mapping of, 42 1 


pinwheel examination for, 441 ,441 
Sacral artery aneurysm, 476 
Sacral insufficiency f ractures, 493, 493 
Sacral Tarlov cyst, 471—473, 472 
Sacroiliac joint, 209—231 

anatomy of, 209—219, 210—219 
arterial supply to, 216, 218 
biomechanics of, 219—223, 220 
extrinsic ligaments of, 215, 216 
hypermobility of, 224 
innervation of, 2 1 6—219, 219 
instantaneous axis of rotation of, 2 21 
intrinsic 1 igaments of, 2 14—2 15, 216, 217 
kinematics of, 219 -220 
kinetics of, 221 — 223, 222, 223 
load resistance of, 2 21 
in low back pain, 209 
marginal osteophytes of, 214, 2/5 
mobility of, 219—220, 220 
alterations in, 223 
mobilization of, 229 
morphology of, 209 
muscles surrounding, 2 1 5—216, 218 

pain trigger points and ref erral patterns for, 227, 228 
phylogenetic dif ferences in, 2 1 1 —212, 2 / 4 
postnatal development of, 212—214, 21 5 
self-bracing mechanism of, 221—223, 224, 224 
Sacroiliac joint distraction adjustment, 304, 304—305, 205 
Sacroiliac joint inf ections, laboratory evaluation of, 517—518 
Sacroiliac joint pain, 223—231 
causes of 

inflammatory, 225 
mechanical, 224, 224—225 
diagnosis of, 226—227 
dif ferential diagnosis of, 227, 228 
exercise procedures for, 230 
flexion-distraction procedures for, 229, 230 
functional restoration programs for, 230t, 230-231 
imaging in, 227 
management of, 227—231 

manipulative-adjustment procedures for, 227—229, 229 
mapping of, 223, 225—226 
mobilization for, 229 
pathogenesis of, 223—225 
physical examination in, 226—227 
presentation of, 223, 225—226 
prevalence of, 223 
rehabilitation in, 2 30—23 1 
soft tissue injuries and, 227 
Sacroiliac shear test, 226 
Sacrospinous ligament, 215, 216 
Sacrotuberous ligament, 215, 216 
Sarcoidosis, 478 
Sartorius muscle, 216, 218 
Scalloping, in spinal stenosis, 172—173 
Scar tissue 

failed back syndrome and, 5 36 
pain correlation with, 559 
vs. recurrent disc herniation, 449, 536 
Schmorl’s nodes, 66 
in disc herniation, 109 
Sciatic nerve 
anatomy of, 2 I 
endometriosis of, 480—481 
neurilemoma of, 468 

Sciatic nerve entrapment, hamstring muscle scarring and, 483 
Sciatic radiculopathy, relief of, by disc reduction, 1 50—1 52, 1 30—132 
Sciatic scoliosis, 53, 55, 56 
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in lateral vs. medial disc protrusion, 449, 450 
Lovett reverse, 56, 62, 65 
Sciatica 

brown tumor of hyperparathyroidism and, 481 

bulging disc and, 386, 386—387, 387 

cardiac surgery and, 481 

causes of, differential diagnosis of, 379, 3801 

chemical irritation in, 144 

chemical radiculitis and, 1 17 

clinical manifestations ol, 5 3 55, 55 

Cox distraction for, 29 5, 295—297, 296, 297 

definition of, 377 

diagnosis ol, 5 3—5 5, 55, 56 

disc herniation size and, 560 

dorsal root gangliectomy for, 1 50 

dorsal root ganglion compression and, 149—1 50 

dual dermatome treatment for, 568, 569 

epidural anesthesia for, 40 

natural course ol, 533 

nerve root compression and, 17, 18—20 

organic diseases causing, 463-^474 

pain distribution in, 5 5 56, 57, 602t, 602-603, 603 

pain pathogenesis in, 147, 1 50 

pathogenesis of, 383 

pathologic change in sciatic foramen and, 449 

pelvic disease and, 417 

piriformis bursitis-induced, 1 17 

piriformis syndrome and, 454 

posterolateral anulus disruption and, 385 386, 386 

referred, 385—386, 386 

reflex sympathetic dystrophy and, 149 

sequestered disc fragment and, 387—388, 387—390 

surgery for 

indications for, 274 
results of, 529 

Scintigraphy, in sacroiliac joint pain, 227 
Sclerotherapy, 550 
Sclerotomes, 602-603 
Scoliosis 

age-related, 494-495 

Cox distraction for, 303, 303—304, 304 

with automated distraction adjustment, 309, 309 
degenerative, spinal stenosis and, 1 94, / 94, / 95 
sciatic, 53, 55, 56 

in lateral vs. medial disc protrusion, 449, 450 
Lovett reverse, 56, 62, 65 
strut graft placement in, disc disease after, 494 
with syrinx, 494, 494 
Screw fixation 

after failed surgery, 544- 5 50, 545—550 
literature update for, 698-699 
nerve root irritation and, 543—544 
Scrotal pain, 422 

in disc compression of S2/S3 nerve roots, 21 
Semirigid lumbosacral brace, 334, 334 
Sensory motor stimulation, 667—668, 668t 
Sensory motor stimulation track, 672—676, 674, 675 
Serum acid phosphatase, 5 1 3 
Serum alkaline phosphatase, 5 11, 512, 5 12 
Serum calcium, 512, 5 1 3t 
Serum parathyroid hormone, 520 
Serum phosphorus, 51 3 
Serum uric acid, 5 1 2 
Shear force, resistance to 
by apophyseal joints, 91 92 
by discs and facets, 71 73, 77 
Shear test, for sacroiliac pain, 226 
Shin splints, 469 


Short foot, 672, 674 

Short leg. See Leg length inequality 

Shoulder rotation test, 446, 446 

Sicard’s sign, 436 

Sick role, 681,682, 683 684 

Sickle-shaped ligament compression of L5 nerve, 478 

Side lying circumduction adjustment, 303, 303 

Side lying extension adjustment, 302, 302 

Side lying flexion adjustment, 301—302, 302 

Side lying lateral flexion adjustment, 302—303, 303 

Side lying position, for Cox distraction, 296, 296 

Side posture adjustment eff ect, on myofascial point relief , 1 17 

Side posture manipulation, for sacroiliac joint pain, 227—229, 

229 

Side support track, 671,67/ 

Single leg stance test, 660—662, 662 
Single-photon emission computed tomography (SPECT) 
for facet abnormalities, 113, 113—114, 114 
in spondylolisthesis, 629—631 
Sinuvertebral nerve 
anatomy of, 26—28, 27 
in pain transmission, 28, 28 
Sitting posture. See also Posture 
disc effects of, 79, 80 
physical examination in, 424 430, 429 
sacroiliac joint problems and, 223 
Skeletal metastasis, 488- 490, 489, 490 

alkaline phosphatase and, 488 490, 489, 490 
laboratory evaluation of, 520 
in melanoma, 478 
pain in, 377—378 
in prostate cancer, 478-479, 479 
Slipped femoral capital epiphysis, 498, 498, 499 
Small foot, 672, 674 
Smoking 

chronic low back pain and, 681 
disc disease and, 379 
disc malnutrition and, 343 
intermittent claudication and, 1 80, 1 82 
low back pain and, 2 3—25, 379 
Snapping hip, 476 
Socioeconomic risk f actors, 680 
Sock test, 438 
Somatic pain, 144 
Somatiform disorder, 684 
Somatization, 680 

Somatosensory evoked potentials, in spinal stenosis, 177 
Sorenson’s static back endurance test, 660, 66/ 

Soto-Hall sign, 435, 455 
Spina bifida occulta, 480 

Spinal analgesia/anesthesia. See Analgesia; Anesthesia; Pain management 
Spinal canal 

anatomy of, / 70 
flexion eff ects on, 277 

measurement of, 173, 174-175, / 75, 182 1 83, 1 8 3-1 84, 183 18S, 
185-186 


narrowing of. See Spinal stenosis 
normal vs. abnormal, 182, 183 
posterior border of, 183, 183 
vs. vertebral canal, 18 5 
Spinal cord 

activity in, fixation of, 1 59 

inf ormation processing/transmission in, 159 160 
Spinal cord stimulation, for f ailed back surgery syndrome, 539 
Spinal curvature. See also Lordosis; Scoliosis 
low back pain and, 81 82 

Spinal extensors, spinal stability and, 654—655, 655 
Spinal fixation, 286 
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Spinal fusion, 5 37—540. See also Surgery 
adjacent segment motion and, 91 
approaches in, 5 39 
complications of, 5 38 
contraindications to, 5 39 
costs of’, 5 37 

indications for, 5 37 538, 5 39 
rates of, 5 37 
results of , 5 38, 5 39 
f or spondylolisthesis, 631,643 
Spinal instability 

clinical, definition of , 449 
muscle imbalance and, 658-659 

Spinal manipulation. See also Cox distraction technique; Distraction manip¬ 
ulation; Flexion-distraction manipulation 
for visceral conditions, 10, l#t 
Spinal metastasis. See Skeletal metastasis 
Spinal nerve roots. See Nerve root(s) 

Spinal nerves. See also under Nervc(s) and names of specific nerves 
anatomy of , 137, 138 
axoplasmic transport in, 132—136 
compression of, 141 — 143, 142 
dermatomes for, 5 5, 57 
injury of, anatomy and physiology of’, 1 37 
innervating disc, 28 
irritation of , sources of , 27—28 
in pain transmission, 28, 28 
trophic function of, 1 32 
Spinal orthoses. See Orthotics 
Spinal reflexes, spinal fixation and, 286 
Spinal stability 

mechanisms of, 654 655, 655 
models of, 654, 654t 
paraspinal muscles and, 654-659 
Spinal stabilization training, 665—676 
abdominal co contraction in, 667, 667 
common errors in, 668t 

fast coordinated muscular activation in, 667—668, 668t 
pelvic tilt in, 667, 66 8 

sensory motor stimulation in, 667 668, 668t 
Spinal stenosis, 67, 67, 169 204 
acquired (degenerative), 169 
age and, 177 

anatomic factors in, 173, 173 

calcium pyrophosphate dihydrate crystal deposition in, 

192 

canal diameter in, 182—183 

measurement of, 18 3—184, 183—187, 185 — 186 
canal size in, measurement of, 172, 174-175, 1 75 
case studies of, 199—204, 199—204 
cauda equina syndrome and, 195 
causes of, 186 195 
central 

causes of, 1 87 
ligamentectomy for, 192 
cerebrospinal fluid pressure in, 174 
classification of, 169 170 
clinical relevance of, 172 176 
congenital, 169 

conservative treatment for, 195—196, 198—204 
calcitonin in, 198 

case studies of, 199 -204, 199—204 
drug therapy in, 196 
flexion-distraction manipulation in, 198 
lumbar traction in, 199 
vs. surgery, 195 
surgery for, 196 197 


Cox distraction for, 200, 282—284 
degenerative scoliosis and, 194, 1 94, 1 95 
developmental, 187, 191 
diagnosis of, 173, 174—175, 1 75,447 
disc disease and, 179 

disc herniation and, 186, 188, 188-189, 190, 198, 199, 199—200 
of thoracic discs, 198 
dorsal root ganglia in, 178 
dual level, 1 80 
dural sac size in, 175 
epidural pressure in, 178 
flexion-extension in, / 75, 17 6 
foraminal, 169 

foraminal osteophytes and, 186, 189 
free fragments and, 188, 1 89—1 92 
grading of, 186—187, 187 
growth and, 179—180 
iatrogenic, 169 
imaging of, 182—184 
infant nutrition and, 179-180 

intermittent claudication in, 172, 178, 180, 180—182 
atypical, 1 84 

intraosseous blood flow and, 176—178 
intraosseous pressure in, 174, 178 
lateral canal, 187, 1 90 
leg pain in, 177, 178 

ligamentum flavum in, 192, 200, 201, 203, 203-204, 204 

long-term sequelae of, 179 

low back pain in, 179 

low compression pressure in, 177 

lumbar radiculopathy and, 185 

multilevel, with unilateral spondylolysis, 467, 467 468, 468 

myelopathy and, 172 

nerve root compression in, 149 

nerve/nerve root pathology in, 156—159, 170—172 

nondiscal causes of, 195 

ossified posterior longitudinal ligament and, 195 
pagetoid, 195 

pathogenesis of, 170, 170—172, 171 

posture in, 175, 1 75, 176 

presentation of, 179 

pseudogout and, 195 

radiography in, 173, 173 

radiography of, 183, 18 3—185, 184 

reflex sympathetic dystrophy and, 178—179 

reversal of, 1 17 

root entrapment in, 173—174 

scalloping in, 172—173 

somatosensory evoked potentials in, 177 

after spinal fusion, 5 39 

spondylolisthesis and, 193, 193, 194 

stages of, 179 

surgery for, 1 85 

vs. conservative treatment, 1 95 
multiple laminotomy in, 197 
vs. observation, 196-197 
outcome in, 196, 197, 699 
side effects of, 196 
symptoms of, 178—179 
tandem, spondylolisthesis and, 638, 639 
thecal sac pressure in, 175—176 
thecal sac size in, 172 
thoracic, 198 

thoracolumbar burst fractures and, 193 
transforaminal ligaments in, 192, 192 — 193 
trefoil vertebral canals and, 183, 187—188, 380 
types of, 174, 174 
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Spinal unloading, intra-abdominal pressure effects on, 40 
Spine 

embryonic development of, 600—601 
finite element model of, 707-71 1 
range of motion of, assessment of, 434, 434 
Spinous process contact, 298, 298 
Spondylitis, 485, 486 
Spondyloarthropathies 

laboratory evaluation in, 520-521 
sacroiliac joint pain and, 225 
Spondyloarthrosis 

Cox manipulation for, results of, 31 It—31 31, 314, 313 
diagnosis of, 447 

Spondylolisthesis, 61 1 649. See also Spondylolysis 
age and, 617—6 18 
anatomic factors in, 613, 614, 614 
associated conditions in, 617 
in athletes, 643 644 

case studies of, 624 626, 623 627, 634-643, 636—640, 646—649, 
646-649 
in children, 61 3 
classification of, 61 1 

conservative treatment of, 644- 649, 644—649 
Cox distraction for, 305, 303 
results of, 31 It 31 31, 318, 319 
degenerative, 61 1, 632—634 

case studies of, 634—643, 636—640 
facets in, 634 
myelography in, 638, 640 
nonsurgical treatment of, 641—643, 642, 643 
sagittal facet orientation and, 643 
spinal f usion for, 643 
spinal stenosis and, 193, 193, 1 94 
in diabetes mellitus, 617 
diagnosis of, 447 
disability in, 617 
disc herniation with, 631 

distraction adjustment for, 305, 303, 641 643, 642, 643, 645—649 

dysplastic, 61 1 

exercises for, 644—645, 643 

genetic factors in, 617 

hamstring length and, 618 

imaging of, 618 619, 619-621, 627—631,62#, 629t, 620 
incidence of, 61 3 
instability of 

symptoms and, 62 3—624, 624 

treatment results and, 618 623, 620—622, 622t, 62 31 
isthmic, 611,6/2 
L4, 631 

lumbosacral support for, 644, 644 
nerve root compression in, 616-617 
oophorectomy and, 617 
pain in, 617 

origin of, 61 5 616,6/6 
pars intcrarticularis defect in,6/2, 614, 614 
pathogenesis of, 613, 614, 614 
pathologic, 641 
post-traumatic, 61 1 
in pregnancy, 618 
reverse, 634, 626 
risk factors for, 617 618 
spinal stenosis and, 193, / 93, 1 94 
subluxation in, 634, 633 
reduction of, 624—627 
surgery for, 631 

tandem spinal stenosis and, 638, 639 

with transitional segment, 241, 242, 243, 243, 244 


traumatic, 641 
uncommon varieties of, 641 
with vacuum instability, 626 
vibrational ef f ects in, 617 

Spondylolysis, 611—613, 6/2. See also Spondylolisthesis 
in athletes, 643—644 
congenital clef ts and, 627, 62# 
definition of, 5 1 
incidence of, 61 3 

unilateral, with multilevel spinal stenosis, 467, 467 468, 
468 

Spondylosis 

discogenic, 33, 66 
after spinal fusion, 5 39 
Sprain, lumbar spine, 384, 383 

Cox distraction for, 3 1 11 31 3t, 322, 323 
diagnosis of, 447—448 
Squatting, lumbar spine eff ects of, 40, 79 
Squatting test, 664—665 
Staghorn calculus, 463, 464 
Stance. See Posture 
Steroids 

aseptic necrosis of bone and, 104 
epidural injection of, 40, 551—5 5 3, 699 
facet injection of, 603 
indications for, 336 
mechanism of action of, 3 36 
side ef fects of, 3 36, 3 39 
Stoddard’s osteopathic technique, 567 
Straight leg raising sign, 435, 433, 437-440 
Lindner’s sign and, 436 
for sacroiliac pain, 226 
Strain, lumbar spine 

Cox distraction for, 3 1 It 3 1 31, 222, 222 
diagnosis of, 447—448 
vs. disc disruption, 3 1 
Strength and endurance tests, 659-662 
Stress fracture, metatarsal, 487, 488 
Stress management, for fibromyalgia, 256 
Subacute bacterial endocarditis, 478 
Subluxation 

bending studies of, 58—62, 39—64 

diagnosis of, 448 

facet. See also Facet syndrome 

Hadley S curve and, 593, 394, 393 
in spondylolisthesis, 634, 6 33 
reduction of, 624 —627 
Substance P, 286 

in anular nerve fibers, 145 
in dorsal root ganglia, 140—141, 145—146, 150 
Sulfate metabolism, in disc, 341 
Sulphated glycosaminoglycans, for arthritis, 

340-341 

Superior gluteal artery, 216, 218 

Superior gluteal nerve entrapment syndrome, 1 17 

Supine track, 670—671,67/ 

Supraspinous ligaments 
innervation of, 3 3 
resistance of 
to flexion, 91 
to rotation, 95 

Surgery. See also Specific sites, disorders, and procedures 
for children, 5 30—53 1 
vs. chiropractic care, 273 274 
complications of, 53 5—5 36 
costs of, 5 27 

epidural anesthesia in, complications of, 5 5 3 
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Surgery— Continued 

indications for, 274, 407, 53 2, 5 3 3—5 34 
clinical vs. imaging, 284 
rate of, 528-529 

geographic factors in, 528 

recurrent herniation after, vs. scar tissue, 5 36. See also Failed hack 
surgery syndrome (FBSS) 
repeat, results of, 531 
results of 

vs. conservative care, 529 
outcome scales for, 534 
predictors of, 529—530 

psychological factors in, 686. See also Psychological issues 
with reoperation, 531 
severity of disease and, 537 
scar tissue f rom 
pain and, 5 59 

vs. recurrent disc herniation, 449, 5 36 
for sciatica 

vs. conservative treatment, 529 
results ol, 529 

selection of technique in, 5 34-53 5 
for spondylolisthesis, 63 1 

Sympathetic trunk, osteophytic compression of , 141 
Syndesmophytes 

in ankylosing spondylitis, 466, 46 7 
disc protrusion and, 405 
Synovial cyst, lumbar, 492, 492, 493 
Syringohydromyelia, 494, 494 

Tall stature, disc disease and, 25 

Tarlov cyst, sacral, 471-473, 472 

Taylor brace, 3 34, 33 5 

Tenderness to skin pinch test, 444, 44 5 

Tensor fascia femoris response, 442 

Testicular pain, thoracolumbar dysf unction and, 163 

Testicular torsion, 497 

Tetani/.ing current 

af ter Cox distraction, 3 3 3, 333 
for spondylolisthesis, 644, 6 44 
for transitional segment, 242, 243 
Tethered cord, 473 474, 474 476 
Thecal sac pressure, in spinal stenosis, 175—176 
Thecal sac si/e, in spinal stenosis, 1 72 
Thermal hyperalgesia, dorsal route ganglia and, 132 143 
Thermography, 452 
Thigh measurement, 440, 440 
Thomas flexibility test, 659, 660 
Thoracic disc calcification, in children, 580 
Thoracic disc herniation, diagnosis of, 449 

Thoracic spine, osteophytes of, sympathetic trunk compression by, 141 

Thoracolumbar burst fractures, spinal stenosis and, 193 

Thoracolumbar fascia, innervation of, 3 3 

Thoracolumbar spine, facet orientation in, 43, 44 

Thoracolumbosacral orthosis, 334—335, 33S 

Tibial nerve compression, from Baker’s cyst, 483 

Tissue compliance meter, 454 

Toe. See Great toe 

Toe walk, 434, 434 

Torque, lumbar spine eff ects of, 84 85 

Torsion. See also Rotation 

disc injury from, vs. compression injury, 97—100, lOOt 
Traction manipulation. See also Distraction adjustment; Flexion-distraction 
manipulation 
autotraction, 283, 283 
biomechanical effects of, 564—566, 564—566 
Burton’s concepts of, 564, 564 


contraindications to, 567 
intermittent, 284 
purposes of, 566—567 
theories of, 564- 566, 564—566 
for transitional segment, 237, 242 
Transcutaneous electrical stimulation, 568 
Transdural disc herniation, 561 562, 56 2 
Transforaminal ligaments, in spinal stenosis, 192, 192—193 
Transforming growth factor-(3, for disc dehydration, 551 
Transitional segment, 237 249,239 249 
acupressure for, 242 
assessment of, 448 

in Bertolotti’s syndrome, 239, 239, 244 248, 245-249, 390—392, 
642 

case studies of’, 240—248, 241 249 
classification of, 239, 240 

Cox manipulation for, results of, 31 It—31 31, 322, 323 

disc herniation and, 239, 244 -246, 245 

dysplastic, 239, 240 

flexion distraction for, 241 243, 242 

lumbarization of, 239, 240 

mixed, 239, 240 

pseudoarticulation in, 239, 240 

pseudosacralization of, 239, 241, 241, 244, 245, 247, 249 
sacralization, 239, 240, 240—242, 241—243 
with spondylolisthesis, 241, 242, 243, 243, 244 
Transplantation, disc, 551 

Transversus abdominis muscle, spinal stability and, 65 5, 656 
Treadmill test, in intermittent claudication, 182 
Treatment. See also Spinal manipulation; Surgery 
algorithm for, 5 80— SSI 
case studies of, 570-577, S70-S78 
chiropractic. See Chiropractic care 
conservative 

algorithm for, S80 SSI 
duration of, 568 
imaging changes on, 557-558 
costs of, 527—528 

less commonly used forms of, 550 553 
literature update for, 696-697 
outpatient, benefits of, 5 28 
placebo ef f ect in, 686 
prevalence of, 527 
psychological aspects of, 685 686 
re-evaluation after, 448 
response to, 529 
return to work after, 553—554 
surgical. See Surgery 
unconventional therapy in 
frequency of use of, 4—5 
payment for, 4—5 
Trefoil vertebral canals 
back pain and, 380 

spinal stenosis and, 183, 187 188, 380 
Tricyclic antidepressants, for fibromyalgia, 256 
Trigger point therapy, for Cox distraction, 3 28, 329 
Triple joint complex, laboratory simulation of, 593 
Tropism, 448 

atherosclerosis and, 693 
facet, 41, 41—48, 42t, 43 
disc degeneration and, 47 
disc prolapse and, 43 47 
facet orientation circle for, 47, 47—4-8 
prevalence of, 47 
radiographic assessment of, 47 
Trumpet laminectomy, for spinal stenosis, 197 
Trunk curl test, 664, 664 
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Trunk length, low back pain and, 40 
Trunk velocity, low back pain and, 90 91 

Ulcerative colitis, arthritis and, 493-494 
Ulcers, peptic 

nonsteroidal anti-inllammatory drugs and, 337, 338 
spinal manipulation lor, 554 
Unconventional therapy 
frequency of use of, 4—5 
payment for, 4 5 

Unemployment, 681 . See also Work 

Upper lumbar iliocostalis muscle, pain trigger points and referral patterns 
in, 228 

Uric acid, 5 1 2 
Urinalysis, 510 511 

Urinary incontinence, low back pain and, 162 163 
Urinary problems, disc disease and, 417 
Urine proteins, in multiple myeloma, 519, 520 

Valsalva maneuver 

Bcchtercw’s test and, 424 430, 429 
Lindner’s sign and, 424^-30, 429 
spinal effects of, 40 

Van Akkcrvcckcn’s measurement lines, for lumbar stability, 599—601 , 

599 6 01 

Vascular changes, in disc degeneration, 108 

Vena cava filter, 470, 470 

Venous thrombosis, postoperative, 536 

Ventral nerve roots. See Nerve roots 

Ventral sacroiliac ligament, 214—2 15, 21 6, 2/7 

Vertebrae 

embryonic development of, 600—601 
fractures of. See Fracture(s) 
limbus, 46/, 461 462, 462 

lumbosacral transitional, 237 249. See also Transitional segment 
modeling of, 173, 173 
scalloping of, 172 173 


Vertebral bodies, in low back pain, 107 
Vertebral canal. Sec also Spinal canal 
vs. spinal canal, 185 
trefoil 

back pain and, 380 

spinal stenosis and, 183, 187 188, 380 
Vertebral fracture. See Fracture 

Vertebral osteomyelitis, laboratory evaluation in, 517 518 
Vertebral osteopenia, causes of, 520, 5211 
Vertebral plates, degenerative changes in, 37, 38, 39 
Vertebral subluxation. See Subluxation 

Vertebrogenic symptom complex, disc protrusion and, 32, 32 

Vibration exposure, low back pain anti, 22 

Vibratory sense, assessment of, 442 

Vitamin D^, for osteosarcoma, 343 

Vitamin E, for fibromyalgia, 256 

Walking, biomechanics of, 223 

Wandering disc, 387, 387 388 

Weakness, assessment of, 41 81, 4/9, 420, 421 

Weight, low back pain and, 81—82 

Weightbearing. Sec Load bearing 

Weightlessness, low back pain and, 25 

Well leg raising sign, 436 -437, 437 

Wobble board, 672, 674, 675 

Work, return to, 529, 55 3-554, 681-682 

Workers’ compensation, return to work and, 553-554, 

681 

Work-related factors, in low back pain, 55 3 554, 681 

Yeoman’s sign, 443, 443 
Yeoman’s test, for sacroiliac pain, 226 

Zenith-Cox table, 2 
Zygapophysial joint 

osteoarthritis of, 37, 37, 38 
pain in, 29 



